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Gulliver’s Travels 


IF GULLIVER in his wanderings through Lilliputia 
had barked his shins against one of the stubby little 
poles in the above picture his natural curiosity would 
have no doubt prompted him to follow the transmission 
line to its termination. 

While bathing his bruised shins in the cool brook he 
would have gazed at the odd contraption with mild 
interest wondering the while at the ingenuity of the 
little people in caging a blue bottle fly big enough to 
make the hum which apparently came from the inside. 

If, however, Gulliver had been a modern engineer 
he would have carefully opened the door, changed all 
the governor weights, lifted up the generator brushes 
to see them spark, poked his knife blade in the plug 
fuses, loosened up all the bolts and then turned the 
thing upside down to discover the type of runner used. 
Having satisfied his curiosity he would have stood back, 
looked thoughtful, pulled out his slide rule and mut- 
tered—‘Kw times the elevation plus four times the 
square of 2g divided by the cube root of temperature 
is equal to eighteen thousand times the allowable draft 
head of a propeller type runner.’’ Nodding his head 
in approval at the little men’s work he would continue 
on his way. 

All of which would have been his way of showing 
that he was up-to-date and had read the article on 
page 657 dealing with the importance of draft head in 
connection with pitting of hydraulic turbine runners. 
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Waste Heat Borers Supply SuPERHEATED STEAM TO TURBO-GENERATORS, WHICH FURNISH 
Power FoR CoMPLETE ELEcTRIC, PNEUMATIC AND Hypravtic Service. By C. F. BreELENBERG* 


EALIZING the importance of an adequate 

and dependable supply of power to meet in- 

dustrial requirements, the Bettendorf Com- 

pany, builders of railway freight cars, re- 

cently completed a new power house at their 
Bettendorf, Iowa, plant. Planned entirely by architects 
and engineers of the company, the design is modern in 
every detail, laid out to meet present and future shop 
demands. 

For many years these shops were served by a com- 
bination of purchased and generated power. Steam- 
driven compressors, pumps and engine-generator sets 
exhausted to low and mixed pressure turbo generators, 
power requirements above those met by the available 
steam being supplied at 2300 volts by the Peoples Light 
Co. of Davenport. 

When, in 1924, it was decided to build a new power 
plant, many plans and equipment combinations were 
studied, before deciding to build an entirely new build- 
ing and use new equipment. Poor soil conditions for 
foundations, old and obsolete equipment, difficulty in 
keeping ,the old machinery running while erecting an 
addition to the building and the great distance that 
steam, from the waste heat boilers, had to travel were 
the deciding factors in abandoning the old plant. 

Incorporated in the new building of steel, brick and 
concrete construction with terra cotta trimmings, are 
some interesting features. Designed by Ralph Bowling, 
architect, and constructed under the supervision of A. 
C. Drew, civil engineer, the building has a lighting sur- 
face of 80 per cent and a maximum ventilation surface 
of 60 per cent of the total wall area. Due to the heat 


*Electrical Engineer, Bettendorf Co., Bettendorf, Ia. 


and humidity a gypsum roof was used, designed for a 
live load of 40 Ib. per sq. ft. This roof is 31% in. thick, 
made up of pure gypsum mixed with white pine shav- 
ings. The mixture is poured on wall board laid directly 
on the truss purlins and being quite porous, is water- 
proofed by a four-ply Barber asphalt roof covering. 

Conerete walls 24 in. thick are used below ground 
and the basement floor is of waterproofed concrete. 
Above this the reinforced concrete operating floor, from 
7 to 10 in. in thickness including the red tile covering, is 
designed to carry a live load varying from 75 to 150 Ib. 
per sq. ft. To eliminate the many columns necessary 
to support this floor, a new type construction, utilizing 
the machine foundations, was used. Ledges on founda- 
tions were. covered: with 3 in. of pressed cork and the 
floor concrete poured directly on this. Foundations 
thus act as columns, vibrations of the machinery being 
absorbed by the cork and not transferred to the floor 
and walls, 


Waste Heat Borers Suppty SuPERHEATED STEAM 


Steam is supplied by two boiler plants through 10-in. 
mains, and passes through two separators, placed in 
series, before reaching the turbines. Three inches of 
insulation are used to prevent radiation while the ex- 
pansion in the line is taken care of by bends. These 
lines together with all other outgoing pipes are carried 
north through three tunnels to a larger steel and con- 
crete tunnel 7 ft. 3 in. high by 7 ft. 3 in. wide which 
runs parallel with the north side of the building. Elec- 
tric cables are carried separately in an older and smaller 
tunnel north of the new one. 

After reaching the main tunnel the two steam lines 
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separate going to their respective boiler plants approx- 
imately 2000 ft. apart, the new engine room being 
located midway between the two. Four 250-hp. and 
two 300-hp. Wickes boilers with chain grate stokers, 
over head bunkers and weigh larries supply 140 lb. 
saturated steam at the old plant. Eventually this will 
be abandoned and a modern boiler room constructed 
near the new engine room. 

Steam from the direct fired boilers is supplemented 
by 140 Ib. 100 deg. superheat steam furnished by six 
257-hp. Freyn Engineering Co. fire-tube, single pass, 
horizontal boilers receiving waste heat from six 25-t. 
oil fired open hearth steel furnaces. The boilers were 
designed and furnished by Freyn Engineering Co., con- 
sulting engineers on the waste heat boiler plant, who 
also specified and furnished the auxiliary and water- 
treating equipment. Boiler feed water is treated by a 
310,000-gal. zeolite water softener furnished by the Per- 
mutit Company, after passing through a Dorr 30-ft. set- 
tling basin. Two turbine-driven, single-stage centrifugal 
boiler feed units of the Westco-Chippewa Pump Co. 
supply 200 g.p.m. each against a pressure of 180 lb., the 


AVERAGE RESULTS OBTAINED FROM TESTS ON WASTE HEAT 





BOILERS 
Test 1 2 3 4 

CO, content of waste gas, 

POP IONE o6isk. kia. wae 10.2 8.9 8.95 9.28 
Weight of waste gases per 

Os Uk Nedeokenanaes 56,500 53,500 54,500 47,200 
Temperature gases to boil- 

it nt Grad bane 1,350 1,230 1,188 1,192 
Temperature of gases leav- 

ing boiler, deg. F..... 530 465 490 442 
Draft loss through boiler, 

ee reer 17 152 158 1.04 


Gross boiler horsepower. . 342 307 285 # £264 
Brake horsepower at fan. 15.4 12.0 12.85 7.03 
Per cent ratiig......:... 110 99.5 93.0 86.0 
Boiler efficiency, per cent. 63.5 68.0 62.0 66.5 
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BOTH SWITCHBOARDS ARE PLACED IN PLAIN VIEW 
OF TURBINE OPERATOR 


FIG. 2. 


water being measured by a Venturi meter and controlled 
at the boilers by Victor feed-water regulators. Each 
boiler is equipped with a 12,500-cu. ft. per min. induced 
draft fan supplied by the Green Fuel Economizer Co. 
and driven by a 40-hp. variable speed Westinghouse 
motor. 

Auxiliary oil burners designed by P. W. Peck, su- 
perintendent of power, are provided for emergency op- 
eration, the arrangement of the equipment being shown 
in Fig. 1. Four eight-hour tests at various rating have 
been made on the installation, a summary of results 
being given in the table. 


Furnace: Basic open hearth, rated capacity, 25 t., 
burning oil. 
Boiler: Freyn Engineering Co. high-velocity, sin- 


gle-pass, fire-tube type, for 160 lb. pressure. Heating 
surface, 3005 sq. ft., shell, 78 in. by 20 ft. 

All equipment in the new plant is motor driven, Fig. 
3 showing the general arrangement with provision for 


the installation of an additional compressor and turbo- 
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generator when necessary. With the exception of the 
300-kw. Westinghouse motor-generator set and the 2480- 
cu. ft. Ingersoll-Rand compressor, all equipment is new, 
giving complete freedom in arrangement and selection 
to meet specific requirements. A 20-t. Harnischfeger 
Corp. crane with a 40-ft. lift and 72 ft. 8 in. span 
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and variable speed motors is supplied by a Westing- 
house 300-kw. synchronous motor-generator set and an 
Allis-Chalmers 750-kw. rotary converter served by 3-300- 
kv.a. transformers. Many of the larger motors are 
2300 v., the smaller ones of 440 v., receive current 
through 100-kv.a. Westinghouse transformers connected 





Location, Bettendorff, Iowa. ' 
Service, electric, pneumatic and hydraulic. 


TURBO-GENERATORS 


2 Allis-Chalmers Co. turbo-generators, 3600-r.p.m., 2500- 
kw., 80% P. F., 2300-v. 3-ph. 60-cycle, using 140-lb. 
50-deg. superheat steam and 28 in. vacuum. 


CONDENSERS AND AUXILIARY EQUIPMENT 


2 Allis-Chalmers Co. 2 pass, surface condensers, 54 in. 
by 14 ft. shells set parallel with, and below, turbines 
each having 4228 sq. ft. of cooling surface made up 
of 1539 %-in. tubes. : : 

2 Allis-Chalmers Co. 14 in. Type S circulators discharg- 
ing 5600 g.p.m. each against a total head of 43 ft. 
Direct connected to 440, 3 ph. 60-cycle, 865 r.p.m., 
75-hp. Allis-Chalmers Co. induction motors with re- 
mote control. 3 

2 Allis-Chalmers Co. 2 by 4-in. Type CS centrifugal hot- 
well pumps, designed to discharge 140 g.p.m. against 
a total head of 80 ft. Direct connected to 1725 
r.p.m., 440-v: 3-ph., 60-cycle, 75-hp. induction motors. 

2 Allis-Chalmers Co., Croll-Reynolds 2-stg. evactor 
air pumps with jet intercoolers. Capacity 19 cu. ft. 
per min. each. : 

1 Dayton-Dowd Co. 4-in. Type CS centrifugal pumps to 
return condensate to boiler room. Capacity 450 
g.p.m. against 40-ft. head. Driven by a direct-con- 
nected, 1750-r.p.m., 440-v., 3-ph., 60-cycle, 7.5-hp. 
General Electric Co. induction motor. 

1 Chain Belt Co. vertical traveling intake screen, %-in. 
mesh, capacity 18,500 g.p.m. minimum. Driven by 
a General Electric Co. 5-hp., 1150-r.p.m., 440-v., 3-ph., 
60-cycle motor. 


Waste Heat Bomer Room 


6 Freyn Engineering Co. 257-hp. boilers, single pass, high 
velocity fire-tube type, designed for 160-lb. pressure. 
Heating surface 3085 sq. ft. made up of 256 2%-in. 
tubes 20 ft. long. Shell dimensions 78 in. by 20 ft. 

6 Superheater Co. bare tube external superheaters de- 
signed to give 100 deg. superheat. 

1 Warren Webster & Co. double, open feedwater heater. 
Capacity 60,000 lb. per hr. 

2 Westco-Chippewa Pump Co. single stage centrifugal, 
turbine-driven, boiler feed pumps. Capacity 200 
g.p.m. against a total head of 180 Ib. 

1 Permutit Co. zeolite water treater with a capacity of 
310,000 gal. in 24 hr. 

1 Dorr Co. 30-ft. diameter settling basin. 

6 Green Fuel Economizer Co. induced draft fans with 
a capacity of 12,500 cu. ft. per min. driven by 
Westinghouse Elec. & Mfg. Co. 40-hp. variable speed 
a. c. motors. 

6 Victor feedwater regulators furnished by Wright- 
Austin Co. 

1 Venturi meter furnished by the Builders Iron Foundry. 


‘ COMPRESSORS 


2 Chicago Pneumatic Tool Co. 110-lb., 26 and 15 by 18- 
in. tandem compound compressors with a displace- 
ment of 4424 cu. ft. per min. each at 200 r.p.m. 
Driven by two 750-hp., unity P. F., 50-deg. C., 


Principal Equipment at Bettendorf Co. Plant 


2300-v., 8-ph., 60-cycle Ideal Elec. & Mfg. Co. syn- 
chronous motors mounted directly on crank shaft. 

1 Ingersoll-Rand Co. 110-lb. 27 and 16% by 21-in., two- 
stage compressor with a displacement of 2480 cu. ft. 
per min. at 180 r.p.m. Driven by Westinghouse 
Elec. & Mfg. Co. 400-hp., unity P. F., 40-deg. C., 
2300-v., 8-ph., 60-cycle synchronous motor, motor 
mounted on shaft. 


2 750-sq. ft. aftercoolers. 

1 400-sq. ft. aftercooler. 

3 Ingersoll-Rand Co. 66 in. by 18 ft., 110-lb. air receivers 
with a total volume of 1280 cu. ft. 


HyYpDRAULIC Pumps 


2 Blake Pump & Condenser Co. 3500-lb., 3 by 15-in. du- 
plex, double acting pumps with a displacement of 
99.0 g.p.m. at 53.64 r.p.m. Geared with a ratio of 
151 to 18 to two General Electric Co. 275-hp., unity 
P. F., 50-deg. C., 2300-v., 3-ph., 60-cycle synchronous 
motors. 

2 Blake P. & C. Co. 1000-lb., 49-16: by 15-in., duplex, 
double acting pumps with a displacement of 228 
g.p.m. at 53.64 r.p.m. Geared to two General Elec- 
tric Co. 450-r.p.m., 175-hp., unity P. F., 50 deg. C., 
2300-v., 3-ph., 60-cycle motors. Gear ratio 151 to 18. 


ELECTRICAL EQUIPMENT 


3 Westinghouse Elec. & Mfg. 100-kv.a. Type OISC trans- 
formers connected delta-delta. Primary volts 2300, 
secondary 230-460. 

Packard Elec. Co. 25-kv.a., single phase, 2300 to 115- 
230-v. lighting transformers. 

Allis-Chalmers Co. Type OISC transformers rated 
300 kv.a. at 55 deg. C. Primary voltage 2300 v. 
used with 

Allis-Chalmers Co., 750-kw., 40-deg. C., 900-r.p.m. ro- 
tary converter flat compounded, d. c. voltage 240, 
a. c. (6 ring) 177 v. 

Westinghouse Elec. & Mfg. Co. 900-r.p.m., 300-kw., 
40-deg. C., motor generator set, flat compounded, 
generator voltage 240 d. c., driven by a 450-hp., 80 
per cent P. F., 40-deg. C., 2300-v., 3-ph., 60-cycle 
synchronous motor. 

General Electric Co. 1200-r.p.m., flat compounded, '75- 
kw. 40-deg. C., 250-v. d. c. motor generator set with 
a 110-hp. 85 per cent P. F., 50-deg. C., 2300-v., 3-ph., 
60-cycle synchronous motor. 

29 Westinghouse Elec. & Mfg. Co. black slate switch- 
board panels. 

19 Westinghouse Elec. & Mfg. Co. Type B 18 main oil 
breakers. 

10 Westinghouse Elec. & Mfg. Co. Type F 22 starting oil 


breakers. 
2 Ideal Elec. & Mfg. Co. air cooled starting auto-trans- 
formers. 


MISCELLANEOUS 


1 Ee} tg OS & ay Pee. service crane with 
a lift o . and a span of 72 ft.8 in. § 
three 240-v. d. c. motors. ecuatead 

2 Swartwout Co. 8-in. horizontal steam separators. 

2 Griscom-Russell Co. 10-in. angle receiver type steam 
separators. 








serves the entire building for erection, repair and in- 
spection. ; 

Electric current at 2300 v., 3-phase, 60-cycle is sup- 
plied by two 2500-kw., 80-per cent Pp. F. Allis-Chalmers 
turbo-generators with direct-connected exciters. Direct 
current for cranes, lifting magnets, battery charging 





delta-delta, while single-phase lighting service at 115 v. 
is supplied by a Packard 25-kv.a. transformers. Excita- 
tion for the synchronous motors is taken from a 75-kw. 
General Electric motor-generator set, although in an 
emergency power from the d.c. bus may be used. 
Twenty-nine black slate panels furnished by West- 
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FIG. 3. 


inghouse are used in the switchboard, 7 panels in the 
d.c. section, the remaining 22 for a.c. service allowing 
two spares, one synchronous motor panel for the com- 
pressor and one generator panel for proposed generator. 


Figure 2 shows the general arrangement of both switch- 
boards. Power to operate the solenoid for the oil 
switches comes from the motor exciter bus for closing 
and from a 24-v. storage battery for tripping. 
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GENERAL FLOOR PLAN OF BUILDING SHOWING PROVISION FOR FUTURE UNITS 


Surface condensers, also supplied by Allis-Chalmers 
Co., are set parallel with and directly below the turbines. 
They are of the two-pass type with a surface of 4228 
sq. ft. made up of 1539—%4-in. tubes. Cooling water, 
after passing through a Chain Belt Co. traveling screen 
with 3£-in. mesh, is pumped through the condensers by 
two Allis-Chalmers 14-in. Type S centrifugal pumps 
driven by induction motors. Each pump delivers 5600 
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g.p.m. against a total head of 43 ft. when operating at 
865 r.p.m. They are remotely controlled, located some 
distance away in a pit below the low water level of the 
Mississippi River in order to insure continuous priming. 
Two 24-in. lines carry water to the condensers, the dis- 
charge from both flowing back through a 30-in. line 
sealed below the river level. 

Motor-driven hotwell pumps with a capacity of 140 
g.p.m. remove the condensate from the condensers and 
deliver it through a small jet condenser to a condensate 
tank in the southeast corner of the building. This tank 
built of concrete is shown back of the switchboard in 
Fig. 2, from here it is delivered to the boiler room by 
a single Dayton-Dowd motor-driven centrifugal unit of 
450 g.p.m. capacity. Air is removed from the con- 
densers by two-stage Allis-Chalmers Co. Croll-Rey- 
nolds evactors equipped with jet intercoolers. One unit 
with a capacity of 19 cu. ft. per min. serves each con- 
denser, the exhaust steam being led to a small jet con- 
denser over the condensate tank where it is condensed 
by the main condensate and gland water. 


Compressed air at 100 lb. pressure is supplied to the 
shops. The two large Chicago Pneumatic tandem du- 
plex machines, driven by Ideal Elec. & Mfg. Co. unity 
power factor, synchronous motors, have a deplacement 
of 4224 cu. ft. per min. each with capacity control by 
quarter steps. Air is filtered through 66 model C-5 Pro- 
tectomotors into a 42-in. intake and each machine is 
equipped with a 750-sq. ft. aftercooler. The smaller 
compressor located on the basement floor is a 2480-cu. 
ft. Ingersoll-Rand machine, driven by a Westinghouse 


unity power factor synchronous motor. The aftercooler 
on this machine has a surface of 400 sq. ft. while volume 
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control is also in quarter steps. Nearly 10,000 eu. ft. of 
free air per min. can be delivered to the shops for air 
hammers, drills, reamers, riveting presses and open- 
hearth steel furnaces through the three 66 in. by 18-ft. 
receivers placed in parallel at the west end of the build- 
ing. Compressor cooling water is now furnished by 
steam-driven pumps from the old power house but even- 
tually will be supplied by the condenser circulators. 
Pump Capacity Variep By SucTION VALVES 


High pressure water at 1000 and 3500 pounds pres- 
sure is used to operate presses in the shops and is fur- 
nished by four Blake Pump & Condenser Co. plunger 
pumps geared to General Electric synchronous motors. 
Capacity will be controlled by the accumulator travel, 
operating electrically, through a Holveck synchronized 
suction valve control system. When the accumulators 
reach their low levels, electric circuits close, energize 
solenoids and allow the suction valves to seat. At the 
normal upper limit of the accumulator electric circuits 
open and prevent the suction valves from seating. Load- 
ing and unloading takes place in one revolution al- 
though to prevent shocks loading occurs only on a -suc- 
tion stroke. Over travel switches on the accumulators 
are placed to stop the motors in an emergency. All 
pumps take their suction from a tunnel running the 
length of the building. The supply tank located below 
the condensate tank is piped up to receive the waste 
water as it is discharged from the presses so that it is 
virtually a closed circuit. 

Although the plant has been in complete operation 
but a short time, results have been very satisfactory 
while indications are that figures predicted by engineer- 
ing estimates will be exceeded. 


High Pressure Turbines for Industrial Plants 


Discussion OF ADVANTAGES OF HIGH PRESSURE TURBINES IN GENERAL, THEIR APPLICA- 
TIONS TO INDUSTRIAL WoRK AND ANALYSIS OF A TYPICAL PLANT. By Francis HopeKInson* 


SE OF WHAT might be called extra high steam 
pressures, or at least as high as 600 lb., was advo- 
cated by some engineers occupied in the design of steam 
turbines more than ten years ago, and at that time they 
showed that some 7 to 10 per cent saving in fuel could 
be realized by this means. Among the reasons for not 
quickly adopting these higher pressures was that of in- 
creased boiler costs. Perhaps a more important one was 
the lack of the required courage by the individual who 
spent the money to try such a costly experiment, or risk 
the serious loss should such a plant not prove reliable. 
I believe that since then, manufacturers of steam tur- 
bines have been prepared to design turbines for any of 
the pressures thus far proposed. 

It is true that the thermal functions of steam at very 
high pressures are not known with accuracy, and there 
are serious discrepancies between the various tables that 
have been published. None of the tables, however, differ 
markedly in the energy to be secured from the ideal 
engine in the steam expanding from a higher limit of 
pressure to a lower limit. At all events, the discrep- 
ancies are not such as to affect seriously the designer’s 

calculations on the one hand, or the ultimate economies 

*Chief Engineer, South Philadelphia Works, Westinghouse 


Electric & Mfg. Co. Abstract of paper presented before Engi- 
neers’ Club of Philadelphia, Feb. 16, 1926. 


to be secured in the power plant, on the other. Fortu- 
nately, such discrepancies as exist today will soon be 
largely removed by the activities of the A. S. M. E., 
which has already partly completed valuable research, 
the expense of which is being borne in part by the tur. 
bine manufacturers of the country. The General Elec- 
tric Co. is to be credited with some research of this char- 
acter* and-has compiled some comprehensive curves 
from the preliminary A. S. M. E. data, which, through 
the courtesy of its representatives, were made available 
at the December meeting of the society. 


Hicu Pressure TurBINEs Give Greater Economy 
Despite Lower TURBINE EFFICIENCY 


It is to. be expected that turbines to operate with 
extra high pressures will be less efficient (using the term 
‘‘efficiency’’ in the strict sense) than those designed to 
operate with moderate pressures, because of the rela- 
tively small volume and high density of steam at the 
high pressure portion, rendering highly efficient turbine 
elements more difficult of attainment and the greater 
precipitation of moisture throughout the cycle adding 
friction to the low pressure elements, still further lower- 

*Details of this work were given in the March 1, 1926 issue 


of Power Plant Engineering, “Steam Tables Developed from 
Harvard Experiments,” page 31 
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ing the efficiency. This latter may be reduced or nearly 
eliminated if reheating with its complexities is resorted 
to, or if a successful means is employed of draining the 
moisture from the turbine as latent heat is given up 
during expansion. In a measure, this last may be 
accomplished where stages of the turbine are bled for 
some industrial process, or where the regenerative prin- 
ciple is made use of in a plant heating its own feed 
water by stage bleeding. 

The general thermal advantages of high pressures 
can be seen in Table I, showing the gains over 200 lb. 
absolute pressure, 200 deg. superheat, first with constant 
total heat in the steam supplied to the throttle, second, 
with constant superheat, and third, with constant total 
temperature. The performances are based on the per- 
formance of an ideal engine in all cases. 

It is believed that engineers occupied in the design- 
ing of turbines foresee no particular difficulties in design 
even for the highest pressures thus far contemplated. 
It is fair to say, however, that not much is known con- 
cerning the erosive effect of this high density steam, and 
engineers will be wise, for the present at least, in design- 
ing these elements multi-stage and employing relatively 
low steam velocities. It is reported, however, that tur- 
bines in Europe are being constructed for 1800 Jb., 925 
deg. F. total temperature. 


IncrEASED Pressure Gives Greater Gain THAN 
INCREASED SUPERHEAT 


Fortunately, far greater gains in heat consumption 
per unit of energy are to be secured by increasing the 


TABLE I. EFFECT OF HIGH STEAM PRESSURES (THEORET- 
ICAL) WITH 29-IN. VACUUM AND 79 DEG. FEED WATER 
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pressure, at least in cases of large turbines. This is 
exhibited by the curves of Fig. 1 as applied to an ideal 
engine. : 

These curves, being based on the performance of the 
ideal engine, must not be taken at their face value. There 
is, perhaps, some small effect of supercooling. The curves 
also assume equal efficiency of 100 per cent for all ele- 
ments of the turbine. There may also be inaccuracies in 
the higher pressures because of uncertainties i the steam 
tables within these ranges. 

In the designs of small capacity turbines and where 
the high pressure volumes are small, it is difficult to 
design the high pressure elements of so small an area 
that the turbine can avail itself of the pressure and be 
efficient. This is especially true if a high rotative speed 
commensurate with the steam volumes is not available. 
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Today, however, such cases of difficulty in securing 
efficient design of the high pressure element need not 
be general, for any desired rotative speed may be em- 
ployed for the high pressure element by means of gearing. 

Usually, in cases of large power units, separate high 
pressure turbine elements will be employed, expanding 
from the extra high pressure desired to a convenient, 
relatively high exhaust pressure, perhaps one selected 
that is the best pressure at which to apply reheating, 
after which it is employed in other turbine units wherein 
it is expanded to the condenser pressure. The Westing- 
house Co., a few years ago, completed designs of tur- 
bines to operate between pressure limits of 1200 and 300 
lb., in which the high pressure turbines would exhaust 
into the main steam pipe to a group of normal turbines 
in which a flow of 125,000 lb. per hr. had been selected. 

Because of the high density and small volume of 
steam throughout the high pressure element, high rota- 




















FIG. 1. RELATIVE GAINS IN HEAT CONSUMPTION PLOTTED 
AGAINST HEAT SUPPLIED, COMPARED WITH 200 LB. ABS. 
PRESSURE, 200 DEG. SUPERHEAT, 29-IN. VACUUM 

A. Relative heat consumption due to increasing super- 
heat, Curve V, and maintaining pressure constant, total 
temperature increasing as shown by W. 

B. Relative heat consumption due to increasing pres- 
sure, Curve X and keeping superheat constant, total tem- 
perature increasing as shown by Y. 


tive speeds—not necessarily high blade speeds—may 
generally be employed, direct-connected machines for 
large, and geared ones for the smaller capacities, thus 
reducing the physical dimensions of the turbine proper, 
in turn reducing the probabilities of distortions of the 
turbine parts due to temperature itself and the differ- 
entials of temperature. 


Conpitions THat Justiry INDUSTRIAL TURBINE 
INSTALLATIONS 


Thus far, my discussion has been more related to 
the application of high pressures to the large power 
units such as employed by our public utility companies, 
and I have rather indicated that high pressures do not 
lend themselves to the designs of turbines for the smaller 
units used in industrial plants except by means of gears. 
In fact, it may be fairly said that unless the industrial 
plant has need of steam heating in some form, it should 
be impossible for it to justify the installation of a power 
plant in view of the service which may be rendered by 
the public utility company in most districts. This will 
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become truer as interconnected power systems are ex- 
tended and cheap energy is available in more places. 

There are cases in the industries where steam is not 
required for any process, but a number of buildings 
must be heated during cold weather. In such instances, 
the installation of non-condensing turbines should be 
justified and mutually satisfactory arrangements pos- 
sible with the public utility company. Similarly, in in- 
stances where exhaust steam at some pressure is used 
for process work, but the energy requirements are in 
excess of what could be obtained from this steam at any 
practicable high pressure, the highest practicable pres- 
sure may be selected and expanded in power units to 
the pressure desired by the heating process, the flow 
through the power unit being controlled by the require- 
ments of the process and the difference between the 
energy thus given and that required being supplied by 
the utility company. ~ 

In instances where energy from the utility company 
is not available, or for some reason satisfactory arrange- 
ments cannot be made, bleeder type turbines, or com- 


TABLE II. ENERGY PRODUCED BY TURBINE WITH VARIOUS 
INITIAL PRESSURES, IN SUPPLYING 100,000 LB. oF INDUS- 
TRIAL STEAM AT 100 LB. GAGE 
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binations of high and low pressure elements, may be 
furnished. In fact, with the charges in the industrial 
power house properly apportioned, the public utility 
company will find it hard to compete. Unfortunately, 
however, there are so many varieties of pressures and 
ratios of process heating requirements to energy require- 
ments, that the problem is difficult to meet with standard 
pieces of apparatus, requiring either high fixed charges 
because of special development, on the one hand, or 
lowered efficiency because of attempts to use standard 
apparatus, on the other. 

An interesting paper on ‘‘The Value of Higher 
Steam Pressures in the Industrial Plant’’ was presented 
at the last December meeting of the A. S. M. E. by 
William F. Ryan, who speaks from the authority of a 
company that, possibly, has done more than any other in 
bringing about thermal savings in an industry involv- 
ing a number of elaborate evaporating and heating 
processes. 

Employment of extra high pressures means care in 
the design of the plant, to make it simple. Every unnec- 
_ essary high steam pressure pipe line must be eliminated, 

or the cost of small valves may become enormous. Pre- 
sumably, in all cases, distilled water only must be used 
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as makeup for the boilers, so that complexities of evap- 
orators are involved. 

By way of example of an industrial plant, an as- 
sumed case is taken and shown in Table II, based on an 
industrial requirement of 100,000 lb. of steam at 100 lb. 
gage pressure. The industrial operation and energy 
production are taken as being continuous; in other 
words, 100 per cent load factor operation while operat- 
ing, the year containing 6500 hr., and are based on the 
following assumptions: 


Power PLAnt OPERATING AT 375 Lp. PRESSURE 


Cost of complete boiler plant 

Cost of complete engine room, building and 
equipment, excluding condensing equip- 
ment 

Cost of complete condensing equipment, in- 
cluding condensing water system 


Total cost of entire power plant... .$150 per kw. 
The foregoing figures are for a plant operating with 
straight condensing turbines. For determining the cost 
of boiler equipment for a plant furnishing process:steam, 
it is assumed one boiler hp. at 200 per cent rating will 
supply steam for 4.7 kw. for a condensing turbine. 
Then the cost of boiler plant per boiler horsepower in- 
stalled will be $296. 
Annual cost of maintenance, personnel and sup- 
plies, not including executive administration 
for boiler room 
Annual cost of maintenance, personnel and sup- 
plies, not including executive administration 
for engine room 
Coal—12,500 B.t.u. per pound 
Annual fixed charges—15 per cent of capital expendi- 
ture. 
The following ‘efficiencies are assumed : 
Boiler, furnace and grate 76 per cent 
Turbine (engine efficiency) 70 per cent 
Generator 95 per cent 
For increased pressures, assume the only change in 
power plant cost per kw. rating is in the boiler plant 
and small additional cost to turbine. The boiler plant 


cost is increased 15 per cent for 600 Ib. and 80 per cent. 


for 1200 lb. over the figure given for the 375 lb. plant; 
labor remaining the same. These boiler house ratios of 
cost have been taken from Mr. Ryan’s paper. Capital 
expenditures will vary with every instance, and the 
assumptions made are necessarily to be regarded only 
as approximate. 

Costs, pro-rated to the industrial process and energy 
production, respectively, are based on the respective heat 
energy going to each. The cost of the boiler house is 
apportioned in the same ratio. The engine room and its 
operation has all its costs and fixed charges charged 
against energy production, for, were it not for generat- 
ing energy, no engine room would be required. Should 
the operation continue during the day time only, i. e., 
an eight-hour day the costs would increase to those 
shown in Table III. Because of banking fires, 70 per 
cent boiler efficiency is assumed. The labor cost is cut 
in half. 

The case is carried somewhat farther with the sup- 
position that the energy shown by Table II is not suf- 
ficient for the energy requirements and 4000 more kilo- 
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watts are required. These additional kilowatts, as has 
been previously indicated, may be purchased from a 
public utility company, or a bleeder type turbine may be 
installed instead of the back pressure turbine, in which a 
sufficient quantity of steam is admitted at the throttle, 
100,000 Ib. of which is bled at 100 lb. to this process 
heating, the same as before, the remainder expanding 
to a condenser in which 2814-in. vacuum is maintained. 

Table IV shows, under the above assumptions, the 
cost of this additional energy ; because much of the fixed 
losses in the machinery have already been charged, and 
due to the low fixed charges because of the small addi- 
tional investment, a slightly more complex and larger 
turbine and a condenser to condense a fraction of the 
total steam, the cost of the extra energy is low. 

In the table, it is assumed that this addition to the 
plant costs 0.8 of the original boiler plant horsepower 
cost and $51.00 per kilowatt for the engine room, ex- 
cluding condensing equipment, which will be additional 
apparatus. No increase in labor and maintenance cost 
is taken for the engine room. The boiler house labor 
costs have been increased 40 per cent for this increase 
in boiler capacity. 

Probably the only method of discovering the most 
economical pressure and superheat to be employed and 
the most economical combination of machinery in an 
industrial plant is to estimate as correctly as possible 
the probable load conditions and heating operations and 
then go through the somewhat laborious process of tabu- 


TABLE III. FOR THE PLANT DESCRIBED IN TABLE II, COSTS 
WOULD INCREASE IF OPERATION IS ON 8-HR. DAY BASIS 
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lating annual operating costs, including fixed charges, 
with all conceivable combinations with and without pur- 
chased energy. 


Many Factors INFLUENCE SELECTION OF PRESSURE 


The pressure selected depends upon the factors 
given, viz., fixed charges, and the amount of energy 
desired from the process steam relative to that de- 
manded by the heating steam. The best initial tempera- 
ture is generally that which will give approximately dry 
saturated steam or a few degrees of superheat to the 
process, for the heat in the steam in the form of super- 
heat can be but little more useful in the heater than in 
a steam engine or turbine. Besides, because of the 
superheated steam being a gas and of low specific heat 
above the point of saturation, hence having a low rate 
of heat transmission in the heater, more surface area is 
required. On the other hand, the heat in the steam, in 
the form of dry saturated steam above the heat in the 
liquid, can all be absorbed by the heating process, while 
the best engine can use but some 22 per cent of it. 

In the industries there are cases where either water 
or some liquor merely has to be heated from some normal 


ENGINEERING 


633 


atmospheric temperature. In such instances, consider- 
able savings are to be obtained by heating the liquor by 
bleeding the turbine in stages in the same manner that 
it is economical to heat feed water similarly. An in- 
stance of this kind occurred in an industry a short time 
ago where it was required to heat 870,000 lb. of water 
per hour from 115 deg. to 210 deg. F. In addition to 
this there were required 2500 kw. of additional energy. 
The purchaser contemplated bleeding steam direct from 
the boilers at 150 lb. gage pressure for this heating, and 
in addition, the installation of a 3500-kw. condensing 
turbine. On the recommendation of the manufacturer, 
the installation was arranged to be a turbine to the 
throttle of which 102,000 Ib. of steam would be admitted, 
this turbine being bled in three stages at which water ° 
would be progressively heated to 148 deg. F., 179 deg. 
F. and 210 deg. F. When operating under these con- 
ditions, the turbine would produce 4610 kw., obviating 
the necessity of the 3500-kw. condensing turbine, and 


TABLE IV. IF ENERGY SHOWN IN TABLE II HAD TO BE IN- 
CREASED By 4000 KW., THE ADDITIONAL COSTS WOULD BE 
AS SHOWN HERE 
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reducing the load on the condensing units already in- 
stalled. The change in arrangement resulted in a reduc- 
tion of capital expenditure of about $42,000, being dif- 
ference in price between the straight condensing unit 
and the additional boilers that would have been required, 
and the cost of the complete bleeder unit. Furthermore, 
the annual fuel operating expense was reduced from 
$452,000 to $310.000. The saving obtained amounted 
to $148,300 per year. 

As a general proposition, a turbine required to heat 
a liquor having a specific heat of 1, from 80 deg. F. to 
210 deg. F. in a single-stage heater will develop 38.8 kw. 
per 1000 Ib. of steam, assuming throttle steam at 150 Ib. 
gage, 100 deg. F. superheat and a turbine efficiency of 
70 per cent. If this same heating were done in three 
progressive stages to 125 deg. F., 172 deg. F and 210 
deg. F., respectively, the same quantity of steam—1000 
lb. would develop 51.3 kw., an increase of 32 per cent 
for no cost beyond the difference in the initial cost and 
fixed charges incidental to a slightly more complex tur- 
bine and the substitution of three smaller heaters. 


WATER JACKETS and intercoolers on air compressors 
should be cleaned and washed out as often as possible. 
The accumulation of mud, or sludge, decreases the effi- 
ciency of the water cooling and if neglected, may, in 
time, result in complete stoppage of the passages. 








Automatic Combustion Control 


Necessary for Economy 
By J. W. PEcLER 


URING the last five years the writer has had the 

opportunity of visiting many power plants 
throughout the. country and of making a careful study 
of the various phases of plant operation. 

At some of the plants visited, nothing has been 
neglected in the way of proper operating equipment, 
while in others the most important feature of continu- 
ously efficient operation—automatic combustion control 
. —has been omitted. In such plants one cannot help 
sympathizing with the chief engineer as he surely has 
a man’s size job to operate such a plant whether it be 
large or small. 

Dollar after dollar has been spent in such plants 
for nothing else but heating excess air that has been 
allowed to enter the furnace because the operating crew 
was trying to control too many things by hand and had 
gotten sick of the job. They followed the lines of least 
resistance, centering all of their activities on holding 
the steam pressure and preventing unburned fuel from 
entering the ash pit. 

One cannot help but think of the difficulty one 
would have in steering an automobile down the road 
with the steering knuckle controlling only one front 
wheel and yet this would be fairly easy to the job of 
trying to steer a power plant down the road of efficiency 
with the type of labor of today without the assistance 
of some type of automatic combustion control. 


8000-Hp. PLant WitrHout Automatic CONTROL 


As an example of such condition, the writer has in 
mind a large eastern plant of eight 1000-hp. boilers and 
traveling grate stokers, seven of which operate 24 hr. 
per day, at 175 to 225 per cent rating, burning No. 3 
buckwheat anthracite. This plant is equipped with 
the latest type of equipment throughout with the ex- 
ception of an automatic combustion control system. 
Both the chief engineer and superintendent recognize 
the importance of automatic combustion control but are 
unable to interest the plant owners to the extent that 
such equipment would improve plant efficiency. Owners 
of the plant state that with a plant equipped such as 
this one the additional expense of automatic combustion 
control would be a waste of money as they have all 
that is needed to operate a plant. The type of labor 
available at this plant is of,poor quality. Most of the 
men cannot understand English or don’t want to when 
any additional work is mentioned. The stokers are 
equipped with steam driven forced draft fans, two to 
the installation; all settings are individual, each stoker 
being driven by a steam engine. 

Being well acquainted at this plant, the writer has 
watched the struggle for the past 2 yr. The boiler 
room foreman was an energetic fellow and was deter- 
mined to get the best efficiency possible from this plant, 
doing quite well for a while when the equipment was 
new to the operators who took enough interest in learn- 
“ing to do just what they were told. This, however, soon 
wore off after the operators got confidence enough that 
they could run the plant. They soon formed their own 
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ideas of operation which, of course, involved the least 
amount of thinking or labor. 

Carrying the load successfully meant almost con- 
tinuous walking from one furnace to another, watch- 
ing the length of the fires and keeping up the pressure 
as close to the popping point of the safety valves as 
possible. Since all fans and stoker engines were con- 
trolled only by hand, the result was almost continual 
blowing of the safety valves. The men were repri- 
manded for this and were instructed to slow down the 
forced draft fans in time to prevent the boiler popping 
and at the same time to retard the stoker engine speed 
in proportion to the speed of the fan. But the boiler 
damper was overlooked entirely. This put unnecessary 
vacuum in the setting, causing air infiltration and more 
excess air to be heated to the temperature of the exit 
gases. 

It was one continual round of fight on the part of 
the chief engineer and boiler room foreman against 
these conditions. Men were discharged and new men 
put in their place who in a short time were up to the 
same tricks. The boiler room foreman worked himself 
sick and simply could not keep the plant operating at 
the efficiency it should have been. In due time both the 
chief engineer and foreman became disgusted and, los- 
ing heart, they too began to follow the easiest path. 

If some good type of automatic control had been 
installed as soon as it was found necessary, this plant 
would have been operated at reasonably high efficiency 
from the start. This equipment would have done the 
running around for the fireman, he would have been 
quick to learn that it was his best friend and it would 
have received excellent care. This has been proved in 
many instances. In plants where all automatic control 
has been taken out of service for repairs and the opera- 
tion relegated to manual control of the operators, they 
will quickly tell you their work has been doubled and 
will be glad when the control is put back in service. 

It is practically impossible to control manually the 
supply of air and fuel to a furnace and still maintain 
the uniform conditions necessary for continuously high 
efficiency. Automatic combustion control is the plant 
owners’ only hope of saving money otherwise unneces- 
sarily spent for fuel. 


THe Unirep States Civil Service Commission states 
that the $165,000,000 public buildings program now 
pending before Congress has passed the House and has 
been favorably reported to the Senate. The indications 
are that the bill will become a law. The bill provides 
for new construction work amounting to $100,000,000 
outside the District of Columbia and $50,000,000 in the 
District of Columbia. It includes $15,000,000 to com- 
plete the unfinished portion of a building program or- 
dered in 1913. 

The Civil Service Commission has extended until 
June 30 the date for the close of the receipt of applica- 
tions for positions of architects, associate architects, 
assistant architects, and associate and assistant architec- 
tural, mechanical, and structural engineers in connec- 
tion with this work. The age limit for all these posi- 
tions has been raised from 45 to 50 yr. Full informa- 
tion and application blanks may be obtained from the 
U. S. Civil Service Commission, Washington, D. C. 
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Design and Operation of Pulverizer Feeders 


Raw Coau Freepers May Be Groupep As EITHER INTERMITTENT OR CONTINUOUS, 
THEIR DESIGN BEING GOVERNED BY PHysICAL CHARACTERISTICS. By S. C. Martin 


OR FEEDING and regulating the raw coal sup- 

plied to the mill, the pulverizer feeder is an impor- 
tant part of pulverized fuel equipment. In feeding 
material to a pulverizer it is desirable that the flow be 
fairly uniform at all times and in some types of ma- 
chines that pulverize the coal and pass it directly into 
the furnace to be burned a few moments after it has 
entered the mill, a uniform feed is necessary for success- 
ful operation. With such machines a hold-up in the 
feeder for any considerable time may cut down the flow 
of pulverized coal and cause the flame to die out, while 
a rush of material in the feeder may clog the pulverizer 
and cause it to overheat or stop entirely. 


ACTION OF FEEDERS CONTROLS COMBUSTION EFFICIENCY 


Successful regulation of combustion in many instal- 
lations depends to a great extent upon the action of the 


of repose and of slide. With piled material the angle 
of repose varies with the different grades and classes of 
coal as well as with the amount of moisture present. 
For anthracite it is about 27 deg., for run of mine soft 
coal, 35 to 37 deg. and about 40 deg. for coke. 

Another variable is the angle of slide, or the angle of 
incline of a surface down which the material will flow 
by gravity alone. Anthracite will flow down a steel 
plate chute inclined at about 20 deg. with the hori- 
zontal. Chutes for soft coal should be inclined at an 
angle of about 45 deg., and where the material is damp 
and contains any considerable quantity of fines, the 
slope should be greater. The angle of slide for coke is 
about 25 to 30 deg. 

In order that there may not be too great variation 
in the size of the pieces of material entering the feeder, 
most manufacturers of pulverizers recommend that the 
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FIG. 1. THESE ILLUSTRATE INTERMITTENT TYPES OF 


feeder. To design such a feeder that will feed success- 
fully the different classes and grades of coal to a pul- 
verizer requires a thorough knowledge of the physical 
characteristics of the material to be handled, as well as 
of its behavior with various methods of feeding. 

Coal as fed to a pulverizing machine is generally far 
from uniform as regards size and shape of the pieces of 
material. Fine coal, as well as lumps of a variety of 
shapes and sizes, may be passing through the feeder at 
the same time. Even when the raw coal is crushed to a 
specified maximum size, the proportions of the fine and 
coarse particles produced will vary with the type of 
crusher employed as well as with the class of coal being 
treated. 

Different surface characteristics peculiar to the vari- 
ous classes of coal will influence the behavior of the 
material in the feeder. Anthracite presents a harder 
and smoother surface and flows more readily than the 
bituminous coals, which are softer and pack more easily. 
Moisture has a great influence on the feeding properties 
of coals, especially when fine material in any consider- 
able quantity is present. Important also are the angles 


FEEDERS: A, ROCKER; B, REVOLVING POCKET; C, PUSHER 


coal be small enough in size to pass a 1%4 or 114-in. 
ring. Large pieces of coal would require a large feeder 
and difficulty would be experienced in obtaining a uni- 
form feed should it become necessary at any time to 
supply a small amount of material to the mill. 

In the design of any feeder we have three elements 
to consider: 1. Surface on which the material is sup- 
ported; 2. Means for removing the material from the 
supporting surface, or the feed; 3. Means for regulat- 
ing the quantity removed per unit of time. 

In order to remove material from the support, mo- 
tion must be imparted to the material, either indirectly 
by means of gravity, or directly from the supporting 
plate or the feed element. Gravity usually is utilized 
at some stage of the process for assisting the movement 
of the material. Motion imparted to the material may 
be either continuous or intermittent, and the methods 
employed may be those of scraping or pushing it from 
the supporting surface or plate; or the plate may be 
tilted or oscillated in order to permit the material to fall 
either intermittently or in a constant stream. 

With regard to the kind of motion imparted to the 
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material, feeders may be grouped as either intermittent 
or continuous. In Fig. 1 are shown those of the former 
group with A as the rocker type, B revolving pocket 
and C as the pusher type. Figure 2 illustrates feeders 
of the continuous group, D being a belt feeder, E of the 
serew type and F of the revolving plate type. 

Revolving pocket feeders, sometimes referred to as 
star wheel feeders, consist of a series of pockets or con- 
tainers arranged radially around a central horizontal 
hub which is free to revolve on its axis. The pockets 
are filled automatically from a hopper in which a part 
of the wheel revolves and empty themselves as they are 
inverted after leaving the hopper and while completing 
the revolution. Such feeders are generally operated by 
means of a pawl and ratchet arrangement and are regu- 
lated by changing the speed of revolution of the pockets. 
If any great variation in the feed is required it may be 
necessary to change the capacity of the pockets by 
means of fillers. 
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order to guide the material over the edge as the plate 
revolves. Regulation of the quantity fed is accomplished 
by changing the speed of the revolving plate. The 
quantity of material allowed to flow out upon its sur- 
face also may be controlled by raising or lowering a 
sleeve located above the plate. 

Feeders employing a moving belt as a means of car- 
rying the coal forward may have either a continuous 
or intermittent motion given to them. The latter allows 
of more simple means for regulating the motion of the 
belt. Regulation of the amount of coal fed is accom- 
plished by varying the travel of the belt surface and 
also by controlling the amount of material allowed to 
flow out upon it from the hopper. 

In the screw type of feeder the pitch of the screw is 
important. A pitch that is too steep will tend to cause 
the material to revolve with the screw instead of being 
forced forward. Regulation of the feed can be accom- 
plished only by changing the speed of the screw. 
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FIG. 2. CONTINUOUS TYPES OF FEEDERS ARE SHOWN HERE: D, BELT; E, SCREW; F, REVOLVING PLATE 


In the pusher or plunger type of feeder a plunger or 
scraper pushes the material forward as it flows upon a 
stationary plate or other support. A reciprocating mo- 
tion is given to the plunger by means of a crank or cam, 
and regulation is effected by changing the speed or the 
stroke of the plunger. Some lost motion may occur in 
this type of feeder on account of a portion of the mate- 
rial that is moved forward dropping back as the plunger 
recedes. This is especially noticeable if the material 
contains much moisture. 

In the rocker feeder the pushing element is hinged 
and there is no scraping action as with some types of 
plungers. 

In the group of feeders classed as continuous, while 
the motion imparted to the material may be continuous, 
unless such material is fairly dry and uniform in size 
the flow may be irregular. Revolving plate feeders of 
this class depend upon the friction between the material 
being fed and the plate for their successful operation. 
In designing such a feeder this factor should be con- 
sidered and the sides of the housing so constructed that 
. they retard as little as possible the movement of the 
material with the plate. A stationary scraper is fas- 
tened above the revolving plate in a radial direction in 


In choosing a feeder for supplying raw coal to a 
pulverizer the fact should be considered that some types 
of feeders are better adapted for operation with one 
class of material than with another. 

Little trouble is experienced in the operation of 
feeders where the material is dry and of fairly uniform 
size. Changing from one class of coal to another, or to 
coal containing a different amount of moisture, or sup- 
plying coal in which large pieces are mixed with con- 
siderable fine material, will generally necessitate an ad- 
justment of the feeder to meet the changed conditions. 


Principles of Coal Pulverizing 
Machinery 


OUR ATTENTION has been directed to an error in the 
article under the above title appearing in the May 1 
issue. This occurs on page 523, column 1, 3rd line from 
the top. The formula should read 3X*\Va—l, not 
3X*V/a—l as it appears. 


Don’t EXPECT oil burners to burn properly if they 
are not kept clean. 
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Divided Counsel Costs Money 


CoNSIDERATION OF PowER SuppPiy FoR Two SPECIFIC 
INDUSTRIAL Puants. By Morgan G. FARRELL 


T SEEMS to be about as difficult to get plant owners 

and their advisers to agree on the question of made 
or purchased power as on any other single problem of 
manufacturing. A notable example of the extravagant 
cost of such disagreement is that of an artificial stone 
company, whose inability to select one policy and stick 
to it has cost them to date, over $100,000. 

Of course, it is comparatively easy to decide whether 
to make or buy power when the nature of the process is 
such that one or the other course is clearly indicated. 
In the case of textile mills or chemical plants, where 
there is a large consumption of live and exhaust steam 
for washing, drying, and heating, there can be no doubt 
that the home manufacture of power costs less than cen- 
tral station current. It is not as cheap as is generally 
supposed. It cannot by any means be obtained for 
nothing, as some plant engineers are in the habit of 
stating. But there is an appreciable differential in its 
favor. 

As far as purchased power is concerned, a large num- 
ber of manufacturing lines are, however, in the doubtful 
class. Sometimes it is actually doubtful whether the 
owners should buy power or not, and sometimes they. 
only think it is doubtful. As an instance of the latter, 
the proprietors of a certain lumber and trim mill in 
Brooklyn, after mature deliberation, decided that they 
would not be bothered with a power plant, even though 
they had plenty of fuel waste, in the shape of sawdust, 
shavings, and blocks, and plenty of use for exhaust 
steam to supply their dry kilns. They would prefer, 
they said, to operate boilers only, burning the waste in 
the furnaces and generating steam at 30 lb. pressure 
not only for the dry kilns, but for the plant heating 
system generally. They acted accordingly, in the face 
of their engineer’s report, which showed the relative 
costs of inside and outside power to be as in Table I. 

Naturally, they were entitled to their opinion, and 
they were equally entitled to pay $6,340 a year to be 
relieved of the care of the power plant, if they saw fit. 

It is not safe to state that the use for exhaust steam 
is always a conclusive argument in favor of operating 
non-condensing engines in the power plant. Other and 
counter-balancing considerations may be important. In 
fact, each case must be considered on its own merits, 
with a careful analysis of the arguments for and against 
the domestic plant. 


Power PROBLEMS IN A STONE PLANT 


The artificial stone plant, which will be used to illus- 
trate the point in this article, is located along the tracks 
of an electrified section of one of the suburban railroads. 
It is not in a factory district, but stands almost alone in 
a tract given over entirely to scattered dwelling houses. 
The product of the company is not the ordinary cast 
cement block with which most of us are familiar, but is 
a high-class artificial stone, so cast and finished as to be 
suitable for the architectural embellishment of public 
buildings, banks and the like. This means that the 
mechanical plant includes conveyors for elevating sand, 
stone, and gravel from the hopper pits under the rail- 


COMPARATIVE COSTS OF MADE AND PURCHASED 
POWER 


TABLE I, 





(Neglecting General Overhead) 
1. Cost of Making Steam. 
Investment in boilers, suction system and 
bins 
Annual steam demand 250 b.hp. 3000 hr. 
= 750,000 b.hp-hr. 
(a) Annual depreciation, interest, etc., 
-@ 15 per cent 
(b) Annual cost of delivering shavings 
to boilers 
(c) Annual cost of 1000-t. make-up coal 
(d) Annual cost of labor, supplies, up- 


2,400 


6,000 
6,500 


Total cost of steam 
Or $.027 per b.hp-hr. 
2. Cost of Making Power. 
Investment in engine-room equipment 
Average load 560 hp. connected load X 35 
per cent load factor = 196 hp. which at 
25 lb. water consumption = 142 b.hp. 
Annual power consumption = 588,000 hp-hr. 
= 441,000 kw-hr. 
Annual steam for power = 426,000 b.hp-hr. 
(a) Annual depreciation, interest, etc., 
@ 15 per cent 
(b) Annual cost of power steam @ $.027 11,502 (2) 
(ce) Annual cost of labor, supplies, up- 


Total cost of power $22,702 
Or $.0514 per kw-hr. 
3. Cost of Plant and Process Steam. 

(a) Total steam cost (1.)—Power steam cost 
(2) 


(b) Plus engine exhaust, no charge 


Total cost plant steam 
4. Cost of Purchased Power as Billed. 
(a) 441,000 kw-hr. @ $.04 
5. Comparative Overall Costs. 
. (a) Cost of purchased power 
(b) Cost of steam at full rate 





$37,540 
. (a) Cost of generated power 


(b) Cost of plant and process steam. 8,498 





$31,200 


Difference in favor of II 





road siding to the storage bin, bucket conveyors for dis- 
tributing the raw material, the mixing battery and the 
mixers themselves, which require continuously a consid- 
erable volume of electric power. Then there are the 
rotary screens and sand shakers for grading the raw ma- 
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terial according to the class or finish required for the 
stone. The larger pieces, such as column sections, are 
cast in pits in the floor which are entirely surrounded 
by steampipe coils, so that the drying can be kept under 
full control. As all the pieces cast at the plant are 
heavy, the shop is equipped with several high-duty 
travelling-cranes and a large number of electrically- 
operated jib-cranes. 

After the stones are cast, they are often given an 
additional finish: bush-hammered, peened, vermiculated 
or ribbed finishes which are applied by power-driven 
tools, usually operated by compressed air. Beside all 
this is the usual complement of motor or air-driven 
drills, chip-hammers and saws, as well as a completely 
fitted carpenter shop for making up wood moulds. 

It will be seen that the power demand of a plant of 
this kind is high and fairly continuous. In the plant 
under discussion, the electrical demand is 750 kw., at a 
practically constant load. 

Pipe coils both in the casting pits and throughout 
the building for general heating, total almost 100,000 
sq. ft., of which one-third is for heating the building in 
the winter. 


ORIGINAL PLANT EQUIPMENT 


As originally equipped, the engine room contained 
two 350-kw. direct-current generators, direct-connected 
to uniflow engines of the most economical type. They 


were run non-condensing, the exhaust steam being dis- 
charged into the heating system. A careful cost record 


had shown that the rate to produce current had aver- 
aged 3.67 cents per kw-hr. over a period of several years. 
The steam battery included three 300-hp. water-tube 
boilers of the best type. 

Even under summer conditions the three boilers had 
about all they could do to furnish sufficient steam to 
operate the engines at full capacity, and to supply the 
pit coils with the necessary steam heating. In the win- 
ter time, the boilers were operated at 10 per cent above 
rating, but were unable to cope with the total power 
and steam load. 

Engineers who were called in to examine the operat- 
ing conditions at the plant and to make recommenda- 
tions to relieve the situation found that the boilers were 
in good condition, the mechanical equipment well main- 
tained, and that all machinery and tools were operated 
with a satisfactory choice and arrangement of individ- 
ual and group-driven motors. Evaporation tests showed 
that the boilers were developing 110 per cent of rating, 
that the number of pounds of water per pound of coal 
as fired, was 6.5, and that the combined efficiency of 
boiler and furnace was 54 per cent. 

Steam consumption of the engine was in the neigh- 
borhood 6f 17 lb. per hp-hr. The table of steam dis- 
tribution can be summarized about as shown in Table II. 

It is thus apparent that the balance between steam 
supply and demand was very delicately adjusted, so 
that it could easily be upset by disturbing factors such 
as periodic overloads on the process machinery, espe- 
cially cold weather, or any unusual conditions. 

As a matter of fact, the method of operation of the 
_ boiler plant was about like this: work started at the 
plant at 8 o’clock. From seven on, the firemen had been 
stoking the boilers with drafts wide open, to raise the 
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steam pressure to the blowoff point. At 8 o’clock, the 
engines were turned over and the day’s work started. 
For 2 hr. the boiler room force would continue to fight 
a losing battle against descending steam gages. On par- 
ticularly bad days, the pressure would go down far 
enough to cause the engines to slow down. When that 
occurred, it was customary to shut down the entire me- 
chanical plant for one-half hour until the firemen were 
able to prod the boilers back to normal pressure. Mean- 
while, the workmen in the shop would turn to other 
tasks such as preparing molds, which required no power. 
When the pressure was again normal or a little above, 
the plant went ahead with its regular work for another 
2 hr. 


TABLE II, STEAM REQUIREMENTS 





(a) For pit-coils 65,000 sq. ft on high-pres- 
sure steam 

(b) For shop heating 35,000 sq. ft. on ex- 
haust steam the equivalent of. .350 b.hp. 

(c) For engines and auxiliaries 





It is a fact that when bad days were expected, the 
production department actually laid out its work to 
allow for the half-hour shutdown after each 2-hr. run. 

After unsuccessfully trying to work out plans for 
distributing the day’s work so as to reduce the power 
demand, the engineers gave it up and recommended the 
obvious, namely, to install another 300-hp. boiler. After 
considerable debate, the owners decided that it would be 
poor economy to spend $12,000 on a new boiler and the 
necessary piping, when there was a third rail with 
plenty of direct-current power within 200 ft. of the 
plant. They therefore made arrangements with the rail- 
road company to tap the third rail for an auxiliary sup- 
ply of current. The logic of that move is not apparent, 
inasmuch as it was a steam shortage and not a power 
shortage which was at the bottom of their trouble, as 
they soon found out. 


Power SecureD From Ramway 

They then tried another expedient, namely, the pur- 
chase of all power from the railroad, with a consequent 
shutdown of their own engine room. Their theory was 
that they would then have sufficient steam supply, inas- 
much as the entire system of coils could be placed on 
high pressure. Previously, part of the coils had been 
arranged for high-pressure supply and part for the low- 
pressure exhaust steam. 

This expedient proved fairly satisfactory as far as 
the heating system was concerned. But in the mean- 
time, an investment of $45,000 in engines and genera- 
tors was lying idle. Moreover, the supply of railroad 
current developed an unexpected eccentricity. As a 
heavy train came up the line, the plant motors would 
begin to slow down, and the lights to grow dim. As the 
train sped on past, the motors would again pick up 
speed, and the lights would again brighten. Although 
no specific damage was done by this fluctuation of 
power, it caused a certain amount of annoyance, espe- 
cially during the traffic rush hours, when trains were 
passing by every few minutes. 
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LigHTINng Company SECURED PowER CONTRACT 


About this time, a representative of the local light- 
ing company called at the plant to initiate a campaign 
for taking over its entire power load. The owners, who 
felt that they had made a mistake in purchasing power 
from the railroad, were looking about eagerly for a way 
out. They seemed fated to go from bad to worse, for 
not only was the public service power supply alternat- 
ing current, while all the plant equipment was direct 
current, but the nearest line of sufficient capacity to 
supply the plant was nearly 2 mi. distant. 

To shorten the story, they finally signed a contract 
with the lighting company, under the terms of which 
the company agreed to carry a high-tension line to a 
point on the nearest highway, which was nearly one-half 
mile distant from the plant. At that point the owners 
were to build, at their expense, a transformer house. 
They were also to purchase and install the transformers 
and the secondary lines to the plant. Incidentally, they 
purchased a rotary and installed it in the engine room. 

Whether they had ever had a clear conception of the 
power rates was uncertain. It is not improbable that 
they had made wrong calculations and had decided that 
they were disposing of their power costs in the most 
advantageous manner. At the end of the year, however, 
they again sent for one of the consulting engineers who 
had originally reported to them. 

When the engineer called upon the treasurer, he 
found him sitting behind a heap of bills and contracts. 
Without preliminaries, the treasurer plunged into the 
subject. The combined power and light bills were 
nearly $300 a day, about $90,000 a year. Did that seem 
reasonable? The engineer assured him it did not; that 
he knew of mills with a connected load of twice 700 kw., 
whose power bills were less than $90,000 a year. An 
analysis of all charges showed that, leaving out of con- 
sideration the first cost of the installation, the plant had 
been paying an average of 4.4 cts. per kw-hr. This 
sounded like a rather stiff price, considering the size 
and nature of the load, which was fairly constant and 
about the same as the maximum demand. 

Further analysis of the bills for installing the alter- 
nating current to and including the converter, showed 
that the total outlay had been as follows: 


TABLE Ill. COST OF A.C. INSTALLATION 
1. Converter in place, connected up..... $25,000 











i RON ND oon ss o's ca sccweecs 12,000 
PETE CLC CET TREES 8,000 
f,. HOOMMEREY WIT oo. oss vncccccsenes 25,000 

<a eee Bers cscrcrcctcceces $70,000 





To this, the engineer said, must be added the de- 
preciated cost of the abandoned generating plant, which 
was not less than $30,000, so that the total cost of get- 
ting the alternating-current supply to fufietion was, in 
round numbers, about $100,000. Allowing for interest, 
insurance and depreciation, or 15 per cent on all of that 
investment, it was evident that another $15,000 must be 
added to the annual bill for power, which brought the 
average cost per kw-hr. to 5.13 cents. 

‘*But,’’ said the treasurer, ‘‘I do not yet see the 
fallacy of our reasoning. The lighting company must 
be able to make current more cheaply than we can. Why 
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should the $90,000 power bill be more than $15,000 
more than our own costs, as certified by the auditors 
three years ago?’’ 

The engineer pointed out that the public service 
company was in the business of supplying lighting cur- 
rent to an entire suburban area; that their power load 
was comparatively small, being limited to a few minor 
factories and an ice plant or two; that the total kilo- 
wattage of their isolated plants was less than 10,000; 
and that their distribution and feeder lines were long 
and costly. When all these factors were taken into con- 
sideration, he said, it must be apparent that the -light- 
ing company’s costs for power delivered at the plant 
transformer house must be out of all proportion to their 
cost of generation. 

The treasurer admitted that it might be so. 

‘‘Whether it is so or not,’’ he continued, ‘‘the fact is 
that we cannot escape from the kilowatt-hour rate under 
the present system. What would you advise us to do?’’ 

‘‘Serap your converter, transformers and the sec- 
ondary line, buy yourselves off from your contract with 
the lighting company, go back to your original plan of 
operation and put in another boiler as we advised you 
to do in the first place.’’ 

‘‘In other words,’’ said the treasurer, ‘‘we scrap 
$70,000 worth of equipment, pay the lighting company 
what they demand to cancel the contract, spend $12,000 
more for a boiler and its connections. How much do 
you think all that will amount to?’’ 

‘‘Before answering that,’’ replied the engineer, ‘‘let 
me see what I can do in the way of negotiations with 
the lighting company. I believe that I can sell the con- 
verter and transformer and the secondary wiring. You 
will probably be able to salvage something out of every 
item but the transformer building. Perhaps you can 
find some use even for that.’’ 

The cancellation of the power contract was finally 
compromised for one-half the cost of the primary line 
which ran along a main highway and so could readily be 
utilized for the transmission of low-voltage power for 
house equipment, as electric ranges. The total salvage 
by the sale of secondary equipment was $20,000, so that 
the net cost of the experiment came to about $60,000 in 
the end. 

Here was a case in which an honest differenec of 
opinion as to the relative merits of continuing to manu- 
facture power or of buying it led to a heavy financial 
loss, not to mention several years of worry and annoy- 
ance. It could have been prevented in the first instance, 
if the owners had been content to accept the advice of 
competent and impartial authorities, whose familiarity 
with the economics of operation of public service com- 
panies enabled them to state authoritatively that the 
lighting company in question could not possibly com- 
pete under the physical conditions with the owner’s 
own plant. They could also have advised their clients 
what would happen when they connected up with the 
railroad supply. 

The problem of analyzing the external and internal 
conditions which affect the decision to make or purchase 
power for plants which lie in the borderland, between 
those for whom purchased power is clearly indicated 
and those for which it is evidently unsuitable, is a 
delicate one. An offhand settlement by inexpert per- 
sons is likely to prove expensive. 
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Power Development in the Great Lakes Area 


AN OUTLINE OF THE PRESENT STATUS OF PoWER DEVELOPMENT AS PRESENTED 
IN THE REPORT OF THE POWER SURVEY COMMITTEE OF THE N. E. L. A. 


N ESTIMATING or predicting future conditions, 
whether it be with respect to population, power re- 
quirements, weather or any other thing one may be 
interested in, it is essential first, to make an accurate 
study of present conditions. In making the power sur- 
vey of the Great Lakes Division recently published, the 
Power Survey Committee recognized this fact and their 
report as a consequence contains a highly accurate state- 
ment of power conditions in the Great Lakes area at the 
present time. 
The power survey territory, as stated in a previous 
article dealing ‘with this report, is composed of the 
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MOTIVE POWER IN MANUFACTURING INDUSTRIES OF 
NINE STATES IN THE TERRITORY 


Fig. 1. 


states of Wisconsin, Illinois, Indiana, Michigan, the 
greater portion of Minnesota and Iowa, the eastern 
portion of Missouri, nearly all of the west half of Ken- 
tucky, and the northwestern corner of Ohio. This ter- 
ritory, according to the United States Census of 1920, 
has a population of 15,716,200. 

Naturally, the principal load centers of this area 
are the cities of largest population, which have grown 
to their present size because of certain natural ad- 
vantages. They were located before the generation of 
electricity was known and commerce early made those 
placed on waterways the important ones. Later, these 
waterways became natural sites for generating stations 
and the cheap power resulting has furthered the growth 
of these cities as industrial centers. 

As an abundance of water for condensing purposes 
is an absolute requirement for an economical steam 


station, the Great Lakes and the larger rivers are the 
natural locations where such stations are found. In 
the central part of the territory the land is compara- 
tively flat and does not offer much opportunity for 
hydro-electric development. The northern part is trav- 
ersed by many rapidly flowing streams so that water 
powers abound in Minnesota, Wisconsin and Michigan. 
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FIG. 2. TYPES OF MOTIVE POWER IN MANUFACTURING 
INDUSTRIES OF NINE STATES 


Iowa has a number of small water powers as well as 
the largest water power development in the territory 
at Keokuk on the Mississippi River. The Sanitary 
District of Chicago has a water power development with 
an effective capacity of abouts 20,000 kw. and the state 
of Illinois is planning to develop several water powers 
of somewhat similar capacity as a part of the naviga- 
tion development of the Illinois River. 

Along the southern portion of the territory are a 
number of water power sites, the development of which 
has recently been undertaken. The Dix River project 
in Kentucky with a 270-ft. high dam has just been 
placed in operation. Development of the Ohio Falls 
at Louisville is now under way, amounting to over 
100,000 hp. A list of the large steam and water-power 
stations is given in Table I. The total generating 
capacity is summarized in Table II. 
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Power RESOURCES 


According to Table II, about 15 per cent of the 
installed capacity in the Territory is water power. 
There are many possible water-power sites remaining, 
but their total capacity is not great enough to alter 
the general situation. This part of the country must 
always place the most dependence on steam power from 
coal, although there are a few internal-combustion en- 
gines burning oil where special conditions justify their 
use. 

As the production of fuels is not usually obtainable 
for smaller areas than entire states, it is difficult to 
secure figures for the exact area of the Power Survey 
Territory. Consequently, the data in this section all 
refer to entire states. 


LARGE GENERATING STATIONS IN POWER SURVEY 
TERRITORY, 1925 


TABLE I. 








Steam Stations 
Capacity 


Location Kiowatts 





ILLINOIS 


Lockport (Sanitary District) 28,000 


61,000 
130,000 


Minneapolis (2 Stations). . 
St. Paul (2 Stations) 


Louisville (2 Stations)... . 


Toledo (2 Stations) 





Seven of the nine states in the Territory are pro- 
ducers of coal. The principal deposits are in Illinois, 
Indiana, Kentucky and Ohio. The nine states of the 
Territory produce over 33 per cent of the bituminous 
coal output of the country. The annual output of coal 
for the past several years is shown in Table III. 

The same four states that produce the bulk of the 
coal are also large producers of petroleum and natural 
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gas. There are three oil fields that lie in the Territory. 
The Illinois-Southwestern Indiana field near Lawrence- 
ville, Illinois, and the Lima-Indiana field near Lima, 
Ohio, are wholly within the Territory. The Appalach- 
ian field lies partly in Ohio and Kentucky. There are 
also several large refineries in the Territory that receive 
oil through pipe lines from distant fields including the 
Mid-Continent. The nine states of the Territory pro- 
duce about 3 per cent of the petroleum output of the 


TABLE II. GENERATING CAPACITY IN POWER SURVEY TERRI- 


TORY PUBLIC UTILITY PLANTS, 1924 





Water 
KiowattTs as. or Tora = 5 
3.21 1,511,897 
3.42 519,661 
19.62 868,099 
35.18 467,637 
32.98 413,375 
40.77 330,373 
0 183,727 
222 0.15 143,512 
3,600 2.08 172,781 
401,107 11.91 3,367,294 
675,954 14.66 4,611,062 


4 Steam Powsr 
STATE OR SECTION Kiowarrs Per Centor Toran 





164,537 


136,333 
134,692 
0 


Great Lakes Division. .. 
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*Figures for portion of state in Power Survey Territory only. s intake cinehinitaniiastialaainiciicindandaiads 
iF rom various sources, including data submitted by the fies and McGraw Central Station 
and Electric Railway "Directories. 








country, and refine a great deal more than this. They 
also produce nearly 10 per cent of the natural gas, and, 
by means of large pipe lines, consume about twice as 
much as they produce. 

This part of the country is well supplied with coal 
resources, sufficient to supply all the power stations 
that are likely to be built here for hundreds of years 
to come. In addition, those stations located on or near 
the Great Lakes have available additional sources of 


TABLE il]. COAL PRODUCTIONS BY YEARS, 1918-1924 





1924 


Stats on Section 1918 1919 1920 1028 1922 1925 EstimaTeo 





Hllnale......ccsccceee 89,291,000 60,863,000 88,725,000 69,603,000 58,468,000 79,310,000 
Indiana.......... 30,679,000 20,912,000 29,351,000 20,320,000 19,133,000 26,229,000 
Michigan........... . . 1,465,000 1,490,000 1,142,000 929,000 1,172,000 
Wisconsin........... . o+ees ee - ‘ . - . 
Minnesota. ........ 4 

ee eee 8,192,000 
Missouri.......... 5,668,000 5,370,000 2,925,000 
Kentucky. ....... 31,613,000 036, 35,691,000 x 42,134,000 
Ohio 45,813,000 35,877,000 45,878,000 31,943,000 26,954,000 


7,814,000 4,531,000 4,335,000 


29, 200,000 
4 States of Great Lakes Division 
Tot 121,435,000 82, a «4 119,566,000 ier 78, ce 106,711,000 91,040,000 
Leg gr vu. a3... 20.96 21.03 21 89 18.92 18.84 
9 — - Power Survey Territory 
ace ee _ * 158,290,000 214,319,080 ioe 154, or 201, ae 173,480,000 
Per Cent fi. ecseee 33.98 370 91 35.6. 35.90 
United Stat 


‘otal Ditemioess aves 579,386,000 465,860,000 568,667,000 415,922,000 422,268,000 564,157,000 483,280,000 





coal supply from the Appalachian field by means of 
combined rail and water transportation. 


TRANSMISSION LINES AND INTERCONNECTIONS 


Transmission systems covering large areas and sup- 
plying local distribution systems were developed in the 
Territory many years ago. Thirty-three thousand volts 
predominated for the principal systems until the pres- 
ent decade, one notable exception being the early use 
of higher voltage for long transmissions in the Lower 
Peninsula of Michigan. In recent years, while the 
lower voltage lines have increased at a rapid pace, there 
has been considerable development at higher voltages, 
66,000 and 132,000 predominating, with a considerable 
amount of 110,000-v. lines in the northwestern section 
of the Territory. 

These high lines are being developed largely as parts 
of the systems of individual companies and, extending 
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across their own territories, gradually come to meet 
similar lines of adjoining systems with which they in- 
terconnect and thus join the various systems into a 
unified network. This gives to the connecting com- 
panies individually the advantages of diversity and of 
reserve capacity in the interconnected systems. It is 
apparent that there will be a great increase in the 
number and mileage of these high-voltage lines, which 
are destined to become parts of one of the very im- 
portant and comprehensive power-supply systems of 
the country. Every extension of high-voltage lines 
should be designed to fit in readily with such compre- 
hensive development. To this end there must be univer- 
sal adherence to the standards of voltage and frequency 
of the region. 

Some of the high-voltage lines thus far built are 
intended solely for trunk service between power sta- 
tions, or from power stations to particularly large and 
important distributing centers. Others are planned for 
some distribution or interchange along the way, thus 
being simply a larger and more powerful type of the 
customary transmission line of the past. Interconnec- 
tion of adjoining companies and systems is generally 
practiced throughout the nine states, and a large num- 
ber of the smaller companies purchase their whole re- 
quirement from the transmission-line companies. 

The nine maps of ‘‘Electric Service and Transmis- 
sion Lines’’ (not reproduced in this abstract) show that 
electric service has been widely developed throughout 
all the states. Each map is well covered with spots 
indicating electric service, and a large percentage of the 
spots are interconnected in some way with others. As 
determined by scaling the maps, the length of trans- 


TABLE IV. LENGTH OF TRANSMISSION LINES IN NINE 
STATES OF POWER SURVEY TERRITORY 


‘Stare on Section Mus oF Line 








Ulinois ase Le 

Indiana. . “ J 5,367 

Michigan. . ; ee aa 4,570 

Wisconsin asheeks 5,816 

BEIAROTTER. 0 oss ccvencsccccvcccseces bangbus edeanene ahipeees 5,910 

peccces > 6,890 

5,822 
2. 





2,004 

. 6,017 

4 States of Great Lakes Division .......000 00.0... ..cccccceeeeeee 22,843 
9 States of Power Survey Territory......°.......0..sceceeceeneeeee 47,576 





mission lines in individual states is shown in Table IV. 
In round figures, there are already 2000 to 7000 mi. 
of transmission lines between towns in each of the nine 
states, and the average is over 5000 mi. The splendid 
network of power transmission in the Territory is being 
further developed with more and higher-voltage trunk 
lines which will carry to market, in the most economical 
manner, the energy from the highly efficient power sta- 
tions of the present and the future. 


GENERAL 


That great preparations for the future are amply 
justified is made clear by a consideration of the nature 
of the Territory.’ Its strategic position and commer- 
cial importance are well known. More exact statistics 
show that although it contains about 12 per cent of the 
land area of the country, it has already 22 per cent of 
‘the population. While the average population density 
of the United States is 35.5 persons per sq. mi., all the 
states or portions of states in the Territory exceed this 
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average. The whole territory has an average popula- 
tion density nearly double that of the United States. 

The Territory contains the greatest railroad center 
of the country—Chicago—and many others of impor- 
tance, such as Toledo, Indianapolis, Louisville, St. Louis, 
Peoria, Des Moines, Milwaukee, Detroit, the Twin 
Cities of Minneapolis and St. Paul, and the Tri-Cities 
of Illinois and Iowa: namely, Moline, Rock Island and 
Davenport. Most of these are rail and water terminals 
on the country’s growing system of inland waterways. 
Some other places are large shippers by water of raw 
materials, such as iron ore from Duluth and Ashland, 
or copper from Hancock. 

Of the 12 economic centers located by the Bureau 
of Census for 1920, 7 are within the Territory; namely, 
Center of Population, Center of Number of Farms, 
Center of Gross Farm Income, Center of Improved 
Acreage in Farms, Center of Cereal Production, Center 
of Corn Production, and Center of Oats Production. 
Four others are in the states partly included in the 
Territory, but a few miles outside. These are the Center 
of Value of all Farm Property, in north central Mis- 
souri; Center of Wheat Production, in the southwest 
corner of Iowa; and the other two centers, Value of 
Manufactures and Number of Wage Earners in Manu- 
factures, both in west central Ohio. The only statistical 
center of the Census which is at all remote is the center 
of Cotton Production, located in Mississippi. Compu- 
tations have been made of the Center of Electricity 
Production at intervals about 5 yr. apart from 1902 to 
1921. Since 1912 the Center of Electricity Production 
has been located in east central Illinois and in 1921 (the 
last point given) was 3 mi. from Urbana. 

According to the U. 8. Geological Survey estimates 
of water power in 1925, the nine states of the Territory 
contained 4.58 per cent of the potential water power 
of the country, but had 13.41 per cent of the developed 
water power. 

The installed capacity of all public-utility plants 
in the United States in June, 1924, was computed by 
the Geological Survey as 17,800,000 kw. Studies made 
by the committee show that approximately 4,600,000 
kw., or 25 per cent of this capacity, was in the terri- 
tory. . 
Comparison of the tables relating to population and 
power production shows that in 1924 the nine states 
produced 15 per cent of the water power, 36 per cent 
of the fuel power, and 29 per cent of the total public- 
utility power of the United States. The per capita 
generation of the Great Lakes Division in 1924 was 
602 kw-hr., and of the entire nine states was 505 kw-hr., 
while that of the United States was 527 kw-hr. 

The Power Survey territory itself occupies 71 per 
cent of land area of these nine states, and has 72 per 
cent of their population. Compared to the United 
States, it has 12 per cent of the land area and 22 per 
cent of the population; includes 25 per cent of the in- 
stalled capacity in public-utility plants; and generates 
about 13,500,000,000 kw-hr., or 23 per cent of the output 
from public-utility plants. The per capita production 
of electricity in the territory is thus about the same 
as the average of the whole United States, and the pro- 
duction per sq. mi. of area is about twice the average 
of the United States. 
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Importance of Heat Transfer in Oil Heaters 


Since Most Fue. Ors Must Be Heatep ror EconomicaL CoMBUSTION, PROPER SIZE AND TYPE 
or Heater INVOLVES CONSIDERATION OF VELOCITY AND Viscosity or Om. By T. J. Ess 


UEL OIL has come into such widespread use that 

its handling and utilization presents its problems to 
a great part of the present day engineers. Although the 
use of a certain fuel is usually dictated by local condi- 
tions in different localities, such as low cost or advan- 
tageous transportation rates, the advantages set forth 
by another fuel may cause it to be adopted, even at a 
higher first cost. Or perhaps some particular process 
requires a fuel more suitable, either chemically or phys- 
ically, than the prevalent fuel of the locality. It is 
perhaps due to these general reasons that the use of oil 
is not confined alone to the oil regions, but is widely 
distributed over the entire country. 

In descriptions of fuel oil installations the storage 
usually is first considered. Storage capacity depends 
on the consumption of the plant, the source of supply, 
space conditions of the plant, ete. Tanks should be 
kept outside of buildings if at all possible and may be 
either above ground or buried. If above ground, fire 
insurance companies usually insist on a dike surround- 
ing the tank of sufficient capacity to hold the entire con- 
tents of the tank. Perhaps the safest method of stor- 
age is the underground tank but the most common seems 
to be the outdoor steel tank above ground. Some plants 
pump from a large storage tank into smaller service 
tanks and from these to burners. 

Heavy oils must be heated so that they will flow 
easily. If the storage tank is small, a flat coil of pipe 
may be installed over the entire bottom of the tank, 
using about one square foot of heating surface per 1000 
gal. of capacity in buried tanks, and 1.5 to 2 sq. ft. per 
1000 gal. for outside tanks, depending on the climatic 
conditions. If the tank is large, so that the cost of heat- 
ing the entire tank would be excessive, a heating coil 
around the suction pipe is usually sufficient. It is to be 
remembered that these heating elements are merely to 
bring the .oil to a condition so that it may be pumped 
easily. All tanks should be well vented to allow any 
vapors to escape and in no case should the tank be 
higher than the pumps. 


Om TRANSFER Systems Must Be FLEXIBLE 


Under this head are included the pumps, heaters, 
strainers and auxiliary equipment. The requirements 
of pumps for supplying oil to burners are: 1. They 
must be able to start when the oil is cold; 2. They must 
be able to supply any quantity of oil from their maxi- 
mum capacity down to small quantities; 3. They must 
supply the oil in a steady flow, without pulsations. 

Although some rotary pumps are used, the fore- 
going conditions usually lead to the installation of a 
reciprocating pump, usually of the direct steam-driven 
double-acting duplex type. They should have bronze 
piston rings and bronze valves with ground seats, and 
should be installed in duplicate, piped so as to cut out 
either pump without interfering with operations of the 
System. ; 

In large systems, the pumps should be equipped with 
regulators, usually of the spring-controlled diaphragm 


type, which varies the steam throttle valve, maintaining 
a constant oil pressure. 

Some manufacturers are putting out complete oil 
systems, combining the various auxiliaries required. 
Figure 1 shows a system of this type, with the pumps 
mounted over the heaters, completely equipped with 
regulators, strainers, and temperature control. 

Heavy oils require heat in addition to that intro- 
duced in the storage tanks, so as to obtain high combus- 
tion efficiency. The high viscosity of these oils prevents 
thorough atomization and proper ignition when cold, 
and requires excessive pressure for pumping. Therefore, 
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Fig. 1. THIS IS A DOUBLE DUPLEX, STEAM-DRIVEN, FUEL 
OIL PUMP TOGETHER WITH A HEATER AND STRAINER 


sufficient heat should be supplied to overcome these dif- 
ficulties. Steam usually is the medium employed for 
heating. Care should be taken, however, not to heat the 
oil above its vaporization point, as in this case the 
burners will sputter and heating conditions become dif- 


ficult. Also, an excessive amount of steam is required. 


If the oil vaporizes, the pumps may become gas-bound. 
Any water contained in the oil may be made into steam 
at the higher temperatures, causing the tank to foam 
dangerously. Figure 2 shows proper temperatures for 
oils of various densities. : 

As in all such heat transmission problems, use is 
made of the formula: 

CX WX (T: — Ty) 





dxU 
where S = square feet of heating surface; C = specific 
heat of oil; W — pounds of oil used per hour; T; = 
final temperature of oil; T, — initial temperature of 
oil; U = coefficient of heat transfer in B.t.u. per sq. ft. 
per hr. per deg. F.; and d = the logarithmic mean tem- 
perature difference between the oil and the steam. The 
specific heat of oil may be taken as 0.48 for average tem- 
peratures. W, T, and T, depend on the installation, but 
in designing oil heaters a final temperature of 200 to 
225 deg. F. should be allowed. The mean temperature 
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BAUME 
FIG. 2. AS SHOWN BY THIS CURVE, THE BEST TEMPERATURE 
FOR ATOMIZING OIL OF 25 DEG. BE. IS ABOUT 150 DEG. F. 


difference between the steam and the oil can be deter- 
mined as follows: 
T,—T, 
a = 





T,—T, 
log. ————— 
T,—T, 
where T, — the temperature of the steam and the other 
values are as above. 


COEFFICIENTS OF HEAT TRANSFER INVOLVE VISCOSITY 
AND VELOCITY 


Coefficients of heat transfer depend on various ‘items, 
namely, the viscosity of the oil, the material of the heat- 
ing element and the velocity of the oil over the heating 
surface. We will first examine the effect of velocity. 

Many sets of data have been published showing the 
relation between the velocity of oil and the coefficient of 
heat transfer, and the values given therein differ widely. 
This is due largely to the different types of heaters and 
the methods used in testing them. In some types of 
heaters, it is difficult to obtain an actual value for the 
velocity over the heating surface and this is responsible 
for much of the difference. 


VISCOSITY DEGREES ENGLER 


00 100 1300 1500 #700— 1900 2100 
VISCOSITY SAYBOLT UNIVERSAL SECONDS 
FIG. 4. IF YOU HAVE A SAYBOLT UNIVERSAL VISCOSIMETER 
YOU CAN CONVERT THE READINGS TO DEGREES ENGLER BY 
MEANS OF THIS CURVE 
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FIG. 3. THIS IS A CROSS SECTION THROUGH A VISCOSIMETER. 
OIL DROPS FALLING AT C ARE COUNTED FOR A GIVEN LENGTH 
OF TIME 


Insulating qualities of oil are known, by almost 
everyone. It is common knowledge that a mere film of 
oil in boilers cuts down heat flow from the hot gases to 
the water materially. The same thing is encountered in 
heating oil. Hence it is that heaters which break the 
oil into small sections and produce a turbulent flow, 
with a scrubbing action of the oil over the heating sur- 
face, give such excellent results. These higher velocities, 
however, produce a greater pressure drop, which calls 
for larger pumps, so that a balance must be struck be- 
tween a large heater and smaller pumps, or a smaller 
heater with larger pumps. 

If heating tanks are used which have a large volume 
in relation to the consumption of the system, the usual 
values of heat transfer do not hold. In such cases, con- 
vection in the oil takes the place of flow velocity. One 
ease of this kind is an installation of four outdoor stor- 
age tanks supplying oil to furnaces at the rate of about 
2500 gal. per hr. These tanks are provided with heat- 
ing surface but in winter considerable difficulty was 
experienced holding the temperature. 

Accordingly, a heater was installed close to the fur- 


Viscosity - Encrer 
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FIG. 5. FROM THIS CURVE IT MAY BE NOTED THAT THE 

VISCOSITY BECOMES LOWER AS THE TEMPERATURE IN- 

CREASES AND THAT THIS VARIES FOR OILS OF DIFFERENT 
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naces, consisting of a tank 4 ft. in diameter and 12 ft. 
long, set vertically. Oil was fed into the bottom of the 
tank and out the top. Two helical units of 1-in. pipe, 
one within the other, with all joints welded, furnished 
the heating surface, and steam was led in the top and 
out the bottom, establishing a counter flow to the oil. 
With this auxiliary heater operating, the temperature 
in the storage tanks could be lowered, thereby reducing 
heat losses. The auxiliary heater was lagged with a 
heat insulating material to reduce heat losses from this 
source. Steam flow to the heating elements was gov- 
erned by a thermostatic control and a recording ther- 
mometer was also provided. This tank holds about 20 
min. supply of oil which is larger than necessary but 
results have been excellent. Although the velocity of 
the oil flow is low, being only 12 + (20 60), or 0.01 
ft. per sec., a heat transfer rate of 35 B.t.u. per sq. ft. 
per hr. per deg. F. is indicated by the performance of 
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VALVES OF FACTOR-F. 
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Fig. 6 
FIG. 6, 


AS SHOWN BY THIS CURVE WHICH GIVES VALUES FOR ZERO VELOCITY. 
TRANSFER THE VELOCITY MUST BE MULTIPLIED BY FACTOR F WHICH JIS GOVERNED BY THE VISCOSITY. 
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VISCOSITY DEG, ENGLER 
FIG. 7 
AS THE VISCOSITY INCREASES, THE OIL BECOMES LESS TURBULENT AND THE RATE OF HEAT TRANSFER DECREASES 
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is lowered, it becomes easier for the oil to transfer heat 
by means of convection. 

Viscosity is simply the technical name for body or 
fluidity. As previously shown, it is the time required 
for a definite volume of oil at a definite temperature to 
flow through an orifice of definite size and shape with a 
definite head. 

Viscosity is frequently given at one temperature 
only, yet two oils may have the same viscosity at one 
temperature and vary considerably at another. The 
variation of the body of the oil with the temperature is 
a characteristic of the crude from which the oil is made. 
Any oil thins out when heated, the viscosity becoming 
lower the higher the oil temperature. 

There are several types of viscosimeters on the mar- 


ket. The Saybolt Universal and Saybolt Furol are in 
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FOR PROPER DETERMINATION OF HEAT 
VALUES OF THE 


FIG. 7. 


CURVE BELOW 10 AND ABOVE 70 DEG. ENGLER ARE SPECULATIVE. FIG. 8. THESE CURVES SHOW THE COMBINED EFFECT 


the heater, showing that transfer of heat by convection 
must enter into the case. A good average value to use 
for heaters of this type is 25 B.t.u. per sq. ft. per hr. 
per deg. F. 


Viscosity AFFECTS HEAT TRANSFER 


Heat transfer is affected also by the viscosity which 
is determined by means of a viscosimeter. A diagram- 
matic view of one type of this apparatus is given in 
Fig. 3. Oil is put into the pipette A, whence it flows 
through the small orifice at C. The oil can be brought 
to any temperature desired by means of the water bath 
B, which is heated in various ways. The time required 
for a given amount of oil to run through the orifice is 
noted and the viscosity varies with this time. In flow- 
ing through the pipette, the moving mass of the oil acts 
as an infinite number of concentric tubes slipping over 
each other. The oil at the center has the maximum 
velocity, while the layer next to the tube is practically 
at rest. Therefore, the velocity of the oil through the 
tube is relative to the internal friction of the oil. As 
the viscosity is then a measure of internal friction, it 
will follow that as the viscosity (or internal friction) 


UF VELOCITY AND VISCOSITY ON THE CO-EFFICIENT OF HEAT TRANSFER IN OIL HEATING 











general use in the United States, the former for testing 
oils in general, the latter for testing road oils and other 
extremely viscous fluids. The Redwood viscosimeter is 
the standard in England and the Engler in Germany. 
The latter also is used in the United States to a large 
extent for fuel oils and asphaltic materials. Viscosity 
is given by the Engler instrument in degrees and by all 
others in seconds. : 

In Fig. 4 is given a curve for converting Saybolt 
Universal viscosity in seconds to degrees Engler. In 
approximate figures, Saybolt Universal may be con- 
verted to degrees Engler by multiplying by 0.028, to 
Redwood by multiplying by 0.80, and to Saybolt Furol 
by multiplying by 0.105. Saybolt Furol may be con- 
verted to Engler by multiplying by 0.267 and Redwood 
to Engler by multiplying by 0.035. 

In the curves in Fig. 5 the variation of the viscosity 
with temperature is shown for oils of different densities. 
Exceptions will be found to these curves, inasmuch as 
oils of the same density but from different localities 
often have different viscosities, but in general the vis- 
cosity varies with the density. The curves given here 
are averaged from tests, and are sufficiently accurate 
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for our purposes. It will be seen that the viscosity 
drops rapidly as the temperature begins to rise, but at 
the higher temperatures, the curves flatten out. 

Perhaps as much accuracy as necessary may be 
obtained from the formula: 

U=X++fV 
where U = the coefficient of heat transfer in B.t.u. per 
sq. ft. per hr. per deg. F.; values of X as in Fig. 6; 
values of f as in Fig. 7; and V = the velocity of oil 
flow in feet per second. 

With the density of the oil, the initial temperature 
of the oil entering the heater, and the desired final tem- 
perature of the oil known, an average viscosity can be 
determined. Then, from Fig. 6, which gives coefficients 
of heat transfer for various viscosities, an average co- 
efficient can be obtained corresponding to this average 
viscosity. This curve is obtained by starting with a 
point attained in practice and superimposing the 
straight line relations between viscosity and velocity, 
upon which viscosity tests are based, and between ve- 
locity and heat transfer as given by the empirical equa- 
tion above. 
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THESE CURVES SHOW THE HEATING SURFACE RE- 
QUIRED FOR VARIOUS CAPACITIES OF HEATERS 


FIG. 9. 


On the basis of the formula previously given for the 
determination of the coefficient of heat transfer U, 
which combines the effect of both velocity and viscosity 
and using the values found in Figs. 6 and 7, curves 
shown in Fig. 8 were plotted. Values of the coefficient 
of heat transfer for 5 different degrees of viscosity be- 
tween 10 and 70 Engler inclusive are shown. Inter- 
mediate values of U may be found by interpolation or 
more exactly, by calculation. 

Figures from manufacturers seem to average 5 to 10 
sq. ft. of heating surface per 100 gal. per hr., depending 
on their individual practice. This points to values of 
25 to 50 B.t.u. per. sq. ft. per hr. per deg. F. as the 
coefficient. Figure 9 gives the practice of one manufac- 
turer for various capacities in heaters of the return 
tube, or porcupine, type. This would indicate that heat 
transmission is better in the horizontal than in the ver- 
tical heaters. 

Copper tubes show a better rate of transmission than 
steel or iron, being about 1.6 times as great, but there is 
a contention that the sulphur in the oil attacks the 
copper. It is for this reason that steel or iron is the 
usual material. 
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Points to be noted in the design or selection of heat- 
ers are: 1. Ease of cleaning—some oils will coat the 
heating surface with a layer of carbonaceous deposit 
which is a poor heat conductor; 2. Allowance for expan- 
sion—due to the uneven temperature in the heater, un- 
even expansion is set up; 3. Freedom of joints—there 
should be as few joints as possible within the heater. 


G. E. Produces Two Methods 
for Obtaining Ductile Welds 


WO METHODS for producing ductile welds have 

been developed by research scientists of the General 
Electric Co., working in different laboratories hundreds 
of miles apart. Both of the methods, similar in some 
respects, mark a decided step in the utilization of the 
heat of electric arcs in the joining of metal parts or the 
building of metal structures. The one was developed in 
the Schenectady research laboratory by Dr. Irving Lang- 
muir; the other was developed in the Thomson research 
laboratory at Lynn, Mass., by Peter Alexander. 

In both processes, air is excluded from the metal by 
means of a bath of hydrogen or other gas. The forma- 
tion of oxides and nitrides in the weld metal is thus 
prevented, and the fused metal is as strong and ductile 
as the original metal. 

Announcements of these radically new methods of 
are welding are made in the March issue of the General 
Electric Review. In brief, the method developed by 
Dr. Langmuir in Schenectady is to pass a stream of 
hydrogen between two electrodes. The heat of the arc 
breaks up the hydrogen molecules into atoms. These 
combine again a short distance in front of the are into 
molecules of the gas, and in so doing liberate an enor- 
mous amount of heat, so that much higher temperatures 
ean be obtained with this than with the usual welding 
methods. Since atomic hydrogen is a powerful reduc- 
ing agent, it reduces any oxides which might otherwise 
form on the surface of the metal. Alloys containing 
chromium, aluminum, silicon or manganese can thus be 
welded without fluxes and without surface oxidation. 

The process developed in the Lynn laboratory by 
Mr. Alexander is based on the utilization of the chem- 
ical and physical properties of hydrogen and other gases 
in their molecular state. This process aims primarily 
at the prevention of the formation of the nitrides and 
oxides in the are-deposited metal, which limit the duc- 
tility of the usual are welds. 

In this process the are is struck between the metallic 
wire or carbon used as one electrode and the plate or 
work to be welded used as another electrode. The crater 
of the are is always on the work to be welded. The 
gaseous atmosphere is supplied in the form of a stream 
around the are. Pure hydrogen, water gas, hydrogen- 
nitrogen mixtures, anhydrous ammonia, methanol vapor 
and some other suitable gases can be used, according to 
the nature of the work. The hydrogen-carbon monoxide 
mixtures were suggested by Professor Elihu Thomson; 
water gas and methanol are examples of such mixtures. 

This process makes the arc welding process more 
efficient and suitable for the fields which at present are 
out of its reach. Low carbon steel, alloy steels, and 
most of the non-ferrous metals and alloys can be welded 
with success by this process in suitable gaseous mixtures. 
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Duties of a Diesel Engineer 


SuITABLE OPERATING AND MAINTENANCE SCHED- 
uLES ARE Important. By M. L. Buack* 


HILE THE ENGINEER in charge of a Diesel 
plant has duties that are somewhat different from 
those that the steam engineer is called upon to perform, 
essentially the differences are not great—both must keep 
the plant machinery in working condition. A steam 
engineer need have no fear of not being able to handle 
an oil engine plant. Of course, he must first learn the 
general principles of the engine, but the details of the 
machine will speedily be mastered by daily attendance. 
In starting the oil engine we found that it was nec- 
essary to have but one man in attendance. The engi- 
neer bars the engine over for one complete revolution, 
before starting, to detect the presence of water or any 
lost part in the cylinder. He then bars the engine to 
the position where starting air will enter the cylinder 
having the air starter valve gear. A few hand strokes 
of the fuel pump fills the oil lines, the bypasses are then 
closed and two more strokes given the pump before air 
is admitted to the fuel valve. The air starter bottle is 
then opened and the engine turns over. As soon as a 
cylinder starts firing, the air starter gear is thrown out 
and the fuel valve of this cylinder brought into gear. 
The engine at once comes up to speed and is ready to 
have its load. The engineer lets it run for, say, one 
minute without load, observing that the cooling water is 
flowing, the force feed oilers in operation, and so on. 
He then steps to the switchboard, builds up the vol- 
tage on the exciter, closes the generator field switch, 
builds up the generator voltage and parallels the unit. 
To do this we have a synchroscope and a governor con- 
trol at the switchboard so it is an easy matter to get the 
frequency correct. 


Hovurty Loe InsurEs ATTENTION OF OPERATOR 


To insure proper attention to the engine we found a 
log necessary. On this log the engineer at each hour 
sets down the exhaust temperature of each cylinder, the 
cooling water inlet and exit temperature, the tempera- 
ture of the main bearings, the fuel tank level, the room 
temperature, the switchboard instrument readings and 
oil added to the circulating system. Main bearings have 
thermo-couples placed in the bottom shells and the read- 
ing of the dial at once reveals any hot bearings. On the 
log sheet are noted any unusual sounds, temperatures, 
etc., in this way trouble can be detected early. If the 
engine is overhauled or any adjustment made, notation 
of the event is entered on the log. 

In establishing a plan of maintenance, we made a 
schedule of adjustment which called for the removal 
of all four pistons once every six months but now be- 
lieve once a year is ample. Some plants pull a piston 


every three months, so that in a year all are pulled once; _ 


the better plan is to pull all the pistons at the same 
time. It is possible to shut down Saturday at noon, go 
home and return at 6 p. m. when the engine is cool. By 
working all night the four pistons can be pulled, rings 
cleaned, connecting rod bearings adjusted and the parts 
put back by, say, 6 a. m. Sunday. Since this is done 





*Abstract of a paper Pieet 19 forte Oil and Gas Power 


National Conference, April 16-24 
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only once a year, the men are quite willing. If but one 
piston is pulled the men will dally around and take just 
as much time. 


VALVES AND BEARINGS REQUIRE ATTENTION 


Admission valves are removed every eight months 
and the exhaust valves every four months. The fuel 
valves are also examined every four months. Possibly 
with clean oil once every nine months is ample but our 
fuel is 22 deg. Baume and is often dirty. After 4 yr. 
of service, the main bearings have not been renewed. 
We check the wear once a year and remove enough 
shims to make the top clearance correct. The lower 
shells wear unevenly and this is corrected by scraping, 
using a micrometer to make the shell thicknesses all the 
same. 

Our circulating lubrication system has a centrifugal 
and a gravity oil purifier. The oil passes continuously 
through the filter bags of the gravity filter and once a 
week we run the centrifugal to eliminate water, ete. It 
is my opinion that both should be run continuously with 
a bypass. 

Contrary to expectations the air compressor has 
caused but little trouble. So far only two valves have 
broken and no carbon exists, due to our following the 
builder’s instructions as to the amount of oil to be fed 
the compressor. 

Duties in a Diesel plant are not as numerous as those 
of a steam plant but require a greater amount of care 
and judgment on the part of the men. Only a high- 
grade steam engineer will ever make a-good oil engine 
operator. Operating engineers should study the oil 
engine; it is by no means mysterious—but a man needs 
more than a license to run one. He needs good judg- 
ment and a mechanical sense of values—but doesn’t a 
steam engine deserve the same? 





McIntosh & Seymour Builds 2700-hp. 
Diesels for U. S. Ships 


IN THE article appearing under this heading in the 


‘May 15 issue, page 610, the last two paragraphs were 


inadvertently taken from another article which has no 
relation to the tests conducted on the McIntosh & Sey- 
mour engines. Readers are requested to cross these 
paragraphs out of their copies of the magazines in order 
to prevent any wrong impressions regarding the en- 
gines which were tested. 


For THE YEAR ENDED December 31, 1925, the annual 
report of Standard Gas & Electric Co., just issued, 
shows that the period was a marked success from an 
operating and earnings viewpoint. The principal new 
companies acquired during the year were Coast Power 
Co., Natrona Power Co., Consumers Light & Power Co. 
(in Oklahoma), St. Paul Gas Light Co., Wisconsin Pub- 
lic Service Corp., The California Oregon Power Co. 
and Standard Power & Light Corp. The present scope 
of the Company’s system is illustrated in the four-color 
map accompanying the report. Total output of elec- 
trie energy for the year was 1,970,643,085 kw-hr., an 
increase of 10.67 per cent; total gas output was 26,111,- 
868,000 cu. ft. an increase of 9.53 per cent. 
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Modern Methods of Winding Armatures 


A DESCRIPTION OF THE Two Most Common TYPES OF 
D.C. ARMATURE WINDINGS. By CHARLES G. GREEN* 


N A PREVIOUS aarticle which appeared in the 
March 15 issue of this magazine, the writer at- 
tempted to explain briefly the theory of using interpoles 
in generators. The only armature shown there was the 














DIAGRAM OF A SIMPLE DRUM WOUND ARMATURE 
A TWO-TURN ARMATURE CONNECTED TO A TWO- 
SEGMENT COMMUTATOR 


Fig. 1. 
Fic. 2. 


old type ring wound armature which is almost obsolete 
but was given for simplicity of illustration. 

In the following paragraphs the writer has endeav- 
ored to show the more modern armature construction 
together with the theory as it concerns the practical 
maintenance man’s requirements. 

In the ring wound armature it will be recalled that 
we utilized only one side of the entire coil of wire for 
the generation of voltage. 

If, instead of having the armature made in the form 
of a ring, we make it in the form of a drum to rotate 
between a north and south pole of the machine, we can 
wind a coil of wire on it, either once around as shown 
in Fig. 1, or we can put more turns in series and get 
a higher resultant voltage by winding the wire around 
several times before cutting it by permitting the voltage 
of one turn of wire to add to that in the next turn. 
Two turns of wire are shown in Fig. 2 with the ends 
connected to a two segment commutator. In Fig. 2, it 
will be seen, one end of the coil is connected to segment 
No. 1 and after making two complete loops, the other 
end connects to segment No. 2. The voltage generated 
from A to B, while passing under a field pole, will be 
the same as that generated from C to D. Suppose the 
rotation and field. polarity to be in a direction such as 
to generate in A-B and C-D a voltage as shown by 
_arrows. Then the opposite side of the coil will be under 
an opposite pole and the voltage will also be opposite, 


*Instructor in Motor Department, Coyne Electrical School. 


. being clamped together. 


according to geographical direction, but will be the same 
in the wire, as it is from A to B as shown by arrows 
from F to E and H to G. 

It can be seen by the foregoing that the only inactive 
part of the coil is that crossing the end of the drum, 
and we can obtain any desired voltage by the -use of 
more turns of wire in the coil. The limit of voltage is 
the insulation and the space to wind wire. 

So as to be able to have a minimum of air gap 
between the field pole and the iron of the armature, it 
is desirable to imbed the coils of wire down in the iron 
and to leave a good smooth surface of the armature to 
sweep past the field pole face. 

If we wish to utilize all the space around the drum 
or armature, we can place just a few turns of wire in 
each coil and put several coils in a slot and by making 
the proper connections to a suitable commutator, we 
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FIG. 3. ARMATURE PUNCHING OR LAMINATION FOR A 
SMALL MOTOR 
CROSS SECTION OF AN ARMATURE WITH SEGMENT 


PUNCHINGS 


Fig. 4. 


can have the voltage of one coil of a few turns add with 
the voltage of the next coil, and so on. 

The armature of the drum type is built up of several 
hundred thin sheets of iron called laminations. These 
are punched out in the shape and size wanted before 
One punching or lamination 
with the slots for holding the coils in place is shown 
in Fig. 3. The punching is made for a certain sized 
shaft and the key way punched just as are the slots for 
the inductors. 

In the large sized armatures, where it is not practical 
to punch from such large sheets of iron as would be 
necessary, the laminations are made in parts called seg- 


ment punchings and arranged on a spider which is 
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mounted on the shaft, as shown in Fig. 4. The different 
layers are staggered so the divisions between segment 
punchings will not weaken the structure when these 
laminations are built up into a drum type armature 
and placed in the influence of the magnetic field. Fig- 
ures 5A and 5B show how the flux is distributed through 
the field structure and armature. In Fig. 5A the flux 
travels through air from a north pole to a south pole 
and does not have any definite place to leave or enter 
the poles. While with the armature in place, the flux 
leaves directly from the face of the north pole and 
enters the face of the south. It can be seen by this 
that if we have the inductors in the slots as shown by 
the black dots, they will be forced to pass through the 
dense magnetic field and by having the coils wound so 
one side of a coil is under an N pole while the other side 
is under an S pole, the voltages generated in the respec- 
tive coils will add as in Fig. 2. 

By having four poles the distance fren an N pole 
center to an S pole center will be less and we will 
waste less copper across the back and front of the arma- 
ture. Also, we can generate the desired voltage with a 
lower speed of rotation. As one side of a coil must be 
under an N pole while the opposite side is under an S 
pole, it is evident that regardless of the number of poles 
the coil sides must be separated far enough so that at no 
instant will the two sides of a coil be under the poles 





























FIG 5-A FIC. 5-B 
FIG, 5-A AND B. DISTRIBUTION OF MAGNETIC LINES OF FORCE 
IN THE FIELD STRUCTURE OF A GENERATOR WITH AND WITH- 
OUT THE ARMATURE 





of the same polarity. This means that the span of each 
coil must be approximately from center N to center S 
or as shown by angle A, Fig. 6, from one neutral plane 
to the next, which is almost the same as angle B, which 
is the angular pole pitch and represents 180 electrical 
degrees. Angle A is called the angular pitch or spread 
of the coils, or winding pitch. 

When any one coil side moves from the center be- 
tween an N and S pole past a complete N pole and an 
S pole, we have what is called one complete cycle or 360 
electrical degrees as at angle D, Fig. 6. 

It must be understood that there are a great number 
of possible types of winding. But in the direct current 
machines there are only two types which are used ex- 
tensively, namely, lap winding, sometimes called paral- 
lel or multiple drum winding and also the wave wind- 
ing, sometimes called two-circuit series drum winding. 
Each of the foregoing are also divided into several 
types, which will not be described here. 

The lap winding is far more common in low voltage 
work than the wave winding. It has the advantage of 
simplicity which is a great point to its credit. It is, 
however, not adapted to the generation of high voltages 
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as can be seen by a careful study of the two diagrams 
explaining it in Figs. 7A and 7B, the first being what 
is known as a plane development, which represents the 
winding as it would appear if it were unrolled from the 
core and laid out on a flat surface and Fig. 7B, known 
as a star development, which is in a-way what might 
be expected to resemble the winding if it was stripped 
from the iron core and pressure applied along its axis 
and flattened out. 

In the plane development Fig..7A we have a lap 
winding four pole. There are 18 inductors o1 coil sides 
which make up 9 coils. These are shown in their sim- 
plest form so as to show the principle of such a winding 
without spending any time on complications. 

With the direction of rotation or motion of the coils 
as shown by arrows, the brushes and pole pieces sta- 







ARMATURE COIL: WINDING PITCH 
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FIG. 6. DIAGRAM TO SHOW THE SIGNIFICANCE OF TERMS 
USED IN ARMATURE WINDING 


tionary, it is evident that there will be a voltage gener- 
ated in all wires or coil sides while passing over the 
surface of a pole. One thing to remember in tracing 
this circuit through is that the individual voltages in- 
duced in the respective coils connected together are 
added, so as to produce a high resultant voltage. If 
the winding is traced out starting at No. 1, we find by 
the use of Fleming’s right-hand rule that the voltage 
will be as shown by arrow. Now, by reference to the 
opposite end, we find 17 will be generating a pressure 
or voltage so as to produce a pressure in 4 which is out 
of the magnetic field. 

The heavy arrows indicate the voltage generated 
and the light arrows along the face ‘conductors show 
the nature of current flow due to the voltage generated 
in the active coils. Where the voltage of any two coils 
or more is directed toward a segment where the two are 
connected, or where these voltages are directed both 
away from the segment, we must place a brush. Where 
the two are directed toward the segment as at A and Ai, 
Fig. 7A, it is called a positive brush and marked with 
the symbol +. Take positive brush A and we find it 
has the pressure of coil sides 5-10-7 and 12 directed 
toward it and added in series. Also, we have the pres- 
sure from 16 and 11—14 and 9 toward it. The opposite 
end of the former set terminating at negative brush B 
and the opposite end of the latter set terminating at 
brush C. We also find coil sides 8 —3 —6 and 1 directed 
toward positive A, and the opposite or negative end of 
these coils terminating at negative brush B, also coil 
sides 13 —18 —15 —2 —17 and 4 are directed toward 
positive brush A, and the negative end terminates at 
negative brush C. 
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POSITION OF POLE FACES 
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FIG. T-A. 


REAR END CONNECTIONS 
IN BACK OF ARMATURE 











FIG. 7 A AND B. PLANE AND STAR DEVELOPMENTS OF LAP WINDING 


So as to equalize the amount of current throughout 
the armature winding, it is necessary to tie all positive 
brushes together as shown by dotted line and also all 
negative brushes. Thus we find several paths or circuits 
in the armature winding where the current may travel 
—as many as there are poles. It is evident then that at 
no one place will we have very many coils in series and 
unless each coil is made up of a great number of turns 
of wire the voltage generated will be relatively low. 

It will also be noticed that, due to placing all brushes 
directly on a segment for simplicity instead of showing 
some of the brushes shorting two segments as they pass 
from one to the next, the number of coils feeding each 
brush comes out uneven as on negative C and positive 
A. 

Referring to the star diagram, Fig. 7B, and by 
tracing from negative brush A we find the current has 
two paths, one back toward the rear of armature 
through No. 1 inductor, the other back along No. 8 
inductor. Again at negative brush B, we have the two 


paths through No. 24 and No. 17. Each one of these 
four paths head either toward positive brush A or nega- 
tive brush B. 

Tracing the circuit from negative A we find that 
all the voltages of the following coil sides would be 
in series and all these voltages would add, starting 
back through No. 1 across the back of the armature 
and forward through No. 10 connected to a segment 
with No. 3 and continue to No. 12 —5 —14 —7 —16 
where positive brush B takes the current to be sent out 
on the line. 

From negative brush A we also pass through No. 8 
—31 —6 —29 —4 —27 —2 —25 and positive brush A 
joins with positive B to send the current out on the line. 
Paths in series will add the voltage while parallel paths 
give a greater current carrying capacity. It is evident 
then that the voltage of the entire machine will be equal 
to the voltage of any one path or the same as the 
voltage if measured from negative to positive brush. 

The circuits starting from negative B will trace in 
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FIG. 8 A AND B. PLANE AND STAR DEVELOPMENTS OF WAVE WINDING 
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the same manner as the other half of the winding. It 
should be understood that in actual practice, we do not 
have a separate slot for each coil side but in the simplest 
windings we have two coil sides per slot such as coil 
side No. 1 and 2 will be in one slot, No. 3 and 4 in the 
next, etc. The winding pitch, Fig. 6, or as commonly 
called the ‘‘coil throw’’ will be slot No. 1 to 5, because 
one side of a coil is in No. 1 and the other side of the 
same coil is in No. 5 slot. 

Notice that the brushes are placed on segments where 
the voltage is all either toward or away from the seg- 
ment and not as shown at X, where it is both toward 
and away. 

It can be seen that, as shown in Fig. 7C, if the 
voltages around the armature are in the general direc- 
tion shown that if any one of the brushes was lifted 
from the commutator, say positive B, the voltage from 
one-fourth of the armature would neutralize the voltage 
from another one-fourth, leaving only one-half of the 













FIG. 7 C. DIAGRAM TO SHOW DIRECTION OF CURRENT IN A 
LAP WOUND ARMATURE 


armature in operation and although the voltage would 
still be approximately the same, the current carrying 
capacity will be cut in half. This is not so with the 
wave winding as will be pointed out later. 


Wave WounpD ARMATURES 


The wave winding is used for direct current, drum 
armatures, where the lap winding will not provide a 
sufficiently high voltage unless wound with an excessive 
number of turns of wire per coil or an excessive speed. 
By tracing the circuit, Fig. 8A, from negative brush 
we pass from pole to pole through the windings in a 
wave action. The path of the conductor is back under 
an N pole, forward under the S pole, then back under 
the next N, and so on. In this way the voltages in the 
separate inductors, although being opposite under each 
pole, will always add. 

In tracing we find we have a great number of coils 
in series, thus producing a high voltage. At only two 
places on the commutator is the voltage either all direct- 
ed toward or away from the segment, consequently, only 
two brushes are needed regardless of the number of 
poles, although more can be put up to the number of 
poles if desired to carry heavy currents, by simply 
placing extra brushes b, and b, in other neutral planes, 
Fig. 8B. 

Tracing from negative brush we have two paths 
only, one path 8 —3 —16 —11 —6 —1 —14 —9 to the 
positive brush, and another from negative brush through 
13 —18 —5 —10 —15 —2 —7 —12 —17 —4 to the 
positive brush. The unbalance comes from setting the 
brushes directly on segments for simplicity. 

By referring to Fig. 8B, we find by tracing the 
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circuit we start at the negative brush and we have one 
circuit or path through coil sides 30 —9 —16 —25 —2 
—1l1 —18 —27 —4 —13 —20 —29 —6 —15 —22 —1 
and to the negative brush and the other circuit from neg- 
ative brush will be 23 —14 —7 —28 —21 —12 —5 —26 
—19 —10 —3 —24 —17 —8 to the positive brush, thus 
giving two circuits in parallel with the wave while we 
had four with lap. With half as many circuits with 
wave there are twice as many coil sides or coils in series 
giving approximately twice the voltage for wave as for 
lap, if other conditions, such as coils, turns per coil, 
field strength and speed, remain the same. 

The addition of more brushes, such as b, and b, in 
the remaining neutral planes will not affect the voltage 
because the added brush b, is, at the instant shown, 
connected through a low resistance path of only one 
coil, that is, it is approximately the same as if B, and 
b, were one and the same brush. The low resistance 
path connecting the other two brushes is b, —f —g —h 
—B;. If desired B: and B, could be taken off and b, 
and b, used or, if it was a machine with six or more 
poles, any positive and negative brush could be used. 


Simultaneous Loading of 


2-Voltage Transformers 
By E. P. WimmMer* 


PERATING companies often find it convenient to use 

a transformer which is delta-connected on the low 

voltage side, to deliver simultaneous loads from the full- 

voltage and half-voltage taps. In order to do this safely 

it is necessary to determine the relationship between these 

loads; otherwise the transformer may be overloaded, with 
resultant burn-out and interruption of service. 
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FIG. 1. SGHEMATIC DIAGRAM OF DELTA-CONNECTED TRANS- 
FORMER SECONDARY WITH HALF-VOLTAGE TAPS 
FIG. 2, VECTOR DIAGRAM OF LINE AND WINDING SECONDARY 


CURRENTS 


For 50 percent load on A-B-C and 32.5 percent load on 
a-b-c, both loads being at the same power-factor 


In this analysis, both loads will be considered as bal- 
anced and at unity power-factor, although the same results 
will hold for any power-factor provided that both loads are 
at the same power-factor. Figure 1 represents schematic- 
ally the delta-connected secondary of a three-phase trans- 
former. Loads are delivered from A-B-C and a-b-c. The 
magnitudes and phase relations of line currents and wind- 
ing currents for the case of 50 per cent load on A-B-C and 
32.5 per cent load on a-b-c, are shown in Figs. 2 and 3. 





*Transformer Engineering Dept., Westinghouse Electric 
and Mfg. Co. 
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The point O is the hypothetical neutral of the delta. I,, 
I,, and I,, are the full-voltage line currents and their 
component winding currents are I,, I,, and I,, For 
the half-voltage taps the line currents are I,, I,, and I,, 
and the component winding currents are I, I,, and I,, 
The dotted lines ab, be, and ca are merely to indicate the 
inside delta and not an actual electrical connection. The 
winding current I,, for example, although having the 
magnitude and phase direction shown in Fig. 2, actually 
follows the path aCb. It is evident that the current in 
any portion of the secondary winding is the vector sum 
of the two component currents in .aat winding due to 
the two loads. For example, consider section 1, The 
current flowing in it is the vector sum of I,, due to 








d7 

Iz Ibe 

FIG. 3. DETERMINATION OF RESULTANT SECONDARY AND PRI- 
MARY WINDING CURRENTS 


the load on A-B-C, and I,, due to the load on a-b-c or,— 


I, = Tab+ Ipc SETS OD eee ee Soe ee eee (1) 
As I,, the current rating of the winding, is always known, 
with one load current given the other can be determined 
from the vectors by the law of cosines. In Fig. 3, assume 
I,, to be known and I,,, to be determined. Then,— 


I? = Tep?+ Ipc? —_ 2Tab Isc cos 120° 
I,?=Tav?+ Ipc?+ Tab Ipc 





2 2 
Ipc?+ Ia Igo 2 = 11-2 
3Iab? Tab 
= nae Sar 
7 Ju ac ee (2) 


Although the secondary is fully loaded under these 
conditions, the primary may be under-loaded. Let the 
transformer in the example have a one-to-one ratio of 
transformation. The current in the primary phase cor- 
responding to BC will be half the vector sum of I, and 
I,. Thus, in Fig. 3, 


me 

er ee 
Evidently it is less than either of its components, so 
that, although the secondary is fully loaded, the pri- 
mary carries only a fraction of full load. The same 
conclusion holds for the other phases. Curves for de- 
termining the magnitudes of simultaneous loads at full 
and half voltage, with the secondary always fully loaded, 
are shown in Fig. 4. It is interesting to note that when 
only the mid-taps a-b-c are employed, the maximum load 
obtainable is one-half normal; however, as the primary 
winding under this condition is carrying only half normal 
current, this load may be increased somewhat due to 
temperature considerations. 
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The chart, Fig. 5, is convenient for determining cur- 
rent values for different loads. The radius of the arc 
(shown dotted) represents the magnitude of the secondary 
full-load current. Its components are the full-voltage 
and half-voltage load currents at an angle of 120° with 
each other, when both loads are at the same power-factor. 
As an example, when taking 50 per cent of normal load 
current from A-B-C, the chart shows that 65 per cent 
of normal load current can be taken from a-b-c. This is 
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Percent of Normal Kv-a on Full Voltage 


FIG. 4. CURVES FOR SIMULTANEOUS LOADS AT FULL AND 


HALF VOLTAGE 
On the delta-connected secondary of a three-phase trans- 


former, with both loads at the same power-factor and the 
secondary winding fully loaded. 






Percent Load Current at Half Voltage 





Percent Load Current at Full Voltage _ 


FIG. 5. CHART FOR DETERMINING SIMULTANEOUS CURRENTS 
AT FULL AND HALF VOLTAGE 


With the delta-connected secondary winding fully loaded 
and both loads at the same power-factor 


32.5 per cent of normal kv.a. load, which checks with the 
curve in Fig. 4. 

Example—A 100 kv.a. three-phase transformer, 2300 
v. delta high voltage to 230/115 v. delta low voltage, de- 
livers 50 kv.a. three-phase, at unity power factor, 230 v. 
Then from the curve in Fig. 4 we see that 32.5 kv.a. 
three-phase, at unity power-factor, may be taken from the 
115-v. taps without overloading the low-voltage winding. 
—The Electric Journal. 
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Power for the Western Electric Co. at Kearny 


New Factory FoR THE MANUFACTURE OF TELEPHONE EQuiPpMENT Is SERVED BY A POWER 
PLant Wuich Empopies THE Most MoperN FEATURES OF POWER PLANT CONSTRUCTION 


ADE WITH the same care that is used in the 

manufacture of telephone equipment, the new 
power plant for the new Kearny works of the Western 
Electric Co., at Kearny, N. J., ranks among the finest 
examples of industrial power plant construction to be 
found in this country. This plant which is to serve the 
new telephone equipment and cable factory is located 
at the southeast corner of the 55-acre tract near the 
dock line of the Passaic River. The buildings are of 
steel frame and pressed brick construction on pile and 
concrete foundations and harmonize architecturally 
with the adjacent factory buildings. They consist of 
a main boiler and turbine building and a coal receiving 
and ash storage building which is located just west of 
the main building and connected to it by an overhead 
bridge. There is also a two-story drag scraper operat- 
ing house south of the main building. The buildings 
have been designed to house the ultimate service re- 
quirements and now contain equipment for the initial 
development. All commodities, such as electricity, re- 
frigerated drinking water, compressed air, hot water, 
etc., with the exception of battery charging current, are 
delivered to the industrial building group through two 
commodious concrete tunnels. 


CoaL AND AsH HANDLING EQUIPMENT 


Coal may be received in cars, by barge and by truck. 
All coal drops into concrete hoppers under the two rail- 
road tracks in the coal and ash buildings from which it 
is fed by two reciprocating feeders through two crush- 
ers into two 85-t. Peck continuous bucket carriers, 
which elevate the coal to an 820-t. concrete bunker over 
the firing aisle. From here it is fed by gravity through 
steel pipe and steel plate hoppers to the stokers. The 
south conveyor can also discharge its contents into a 
chute which delivers the coal to a hopper platform lo- 
cated just outside of the southeast corner of the build- 
ing, where it can be carried to storage by the drag 
scraper equipment. The latter is also used for reclaim- 
ing. The reclaim equipment has a capacity of 60 t. 
per hr. and the area available to store coal a capacity 
of about 300,000 t. All conveyor and crusher equip- 
ment is electrically driven and with the exception of the 
Peck carrier which was made by the Link-Belt Co., was 
furnished by the R. H. Beaumont Co. 

Ashes drop directly into a 1275-cu. ft. brick-lined 
hopper below the respective boiler setting, and discharge 
through water operated slide gates directly on to the 
Peck carriers which deliver them to an elevated concrete 
ash hopper of approximately 700-t. capacity. 


Steam GENERATING EQUIPMENT 


Space is provided in the boiler room for eight boilers, 
2000 b.h.p., set in batteries of two, in two rows, facing a 
center firing aisle. The four boilers and allied equipment 
forming the north half of the boiler room are now in- 
stalled. The present boilers are Babcock & Wilcox Co. 
make, each having 7989 sq. ft. of heating surface, and 
are designed for a working pressure of 300 lb. Each 
boiler has a B. & W. Co. superheater of 1000-sq. ft. 


surface, to provide 200 deg. F. superheat. Liberal com- 
bustion space has been provided in the high settings 
to permit a maximum output of over 2000 b.h.p. each. 
The fuel used is preferably No. 3 anthracite buckwheat, 
and is burned on Coxe forced-draft chain grate stokers, 
each stoker having total grate area of 195.6 sq. ft. and 
driven at the rear by 120-v. direct-current variable 
speed motor. Three separate chambers permit close 
regulation of air to fire. Air is furnished to the stokers 








FIG. 1. VIEW IN THE BOILER ROOM AT THE KEARNY PLANT 
OF THE WESTERN ELECTRIC CO. 


by four Sturtevant fans each with a capacity of 35,000 
e.f.m., which are driven by four 40-hp. motors. All 
fans discharge into a steel plate air header duct which 
connects directly to the individual windboxes of each 
stoker. Space is provided for duplicate fan equipment 
for the future south row of boilers. Liptak suspended 
arches at front and back of each stoker provide for 
ignition and mixing of gases and Bernitz carborundum 
blocks inside the walls at the stoker line minimize slag 
formation at these points. The center wall of each 
battery is of special ventilated construction. The brick 
settings were installed by Ballard-Sprague & Company. 

Each boiler has six Diamond Power Specialty soot 
blowers, and the feed water piping includes Copes regu- 
lators. Combustion conditions are indicated by Bailey 
boiler meter, and illuminated dial air pressure gages 
for each windbox. The steel plate breeching which is 
located at rear and above the boilers is the Connery 
expansion stiffener design, and discharges into the bot- 
tom of an Alphons-Custodis radial hollow brick stack 
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12 ft. 6 in. in diameter and 200 ft. high, supported on 
the building steel. The top of the stack is 258 ft. above 
the grates. Space is provided in the building design 
for future economizers under each stack. The breech- 
ing is lined throughout with 2-in. Johns-Manville fire- 
backing insulation. 

Superheated steam is transmitted by 7-in. leads from 
each boiler to the 14-in. main header. There are two 
auxiliary high-pressure headers, one 10 in. in diameter 
feeding two Ruggles-Klingemann 4-in. reducing valves 
for the 90-lb. industrial steam line to factory; one 114- 
in. reducing valve for lower pressure live steam to small 
station auxiliaries; a 4-in. line to fire pumps; and a 6-in. 
reducing valve for 2-lb. steam direct to low pressure 
header through 12-in. pipe loop. The other header is 6- 
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on the turbine room floor and pump into two independ- 
ent feed water mains, connected to independent feeds 
at each boiler. The condensate from the turbines dis- 
charges into a header which returns the water direct 
to the heater. Overflow from the heater is conducted 
by gravity through a seal to a hot water tank under 
the turbine room floor. This tank also receives the con- 
densate return contents from the shop steam system, 
and the hot water is raised again into the heater by 
a 4-in. Crane 3-valve tilt trap. 


ELECTRIC GENERATING EQUIPMENT 


The turbine room is divided into three east and west 
bays. The main center bay is 45 ft. wide with an over- 
head 30-t. Shaw electric travelling crane, and has space 





























FIG. 2. AT THE NEW KEARNY PLANT OF THE WESTERN ELECTRIC CO. 


A. The turbine room. B. Gage board in the turbine room. 
Cc. An exterior view of the plant showing coal pile and drag 


in. in diameter and feeds the steam driven boiler feed 
pumps and exciters. All high pressure lines have Sar- 
gol joints and all valves are Chapman cast steel with 
monel metal trim. Most of the large valves are motor 
driven with Dean control, many being controlled from 
two positions. 

Boiler feed water is heated by one Elliott, type M, 
deaerator heater, having a capacity of 150,000 lb. of 
water per hr. There are two Alberger, 4-stage, cen- 
* trifugal feed pumps, each having a capacity of 400 
g.p.m. at 355 lb., driven by two Sturtevant, 150-hp., 
non-condensing steam turbines. These units are located 


scraper house in foreground. D. Exciters and feed pumps, the 
latter connected to two independent feed mains. 


for four 5000-kw. turbo-generator units, and one 1500- 
kw. unit. The south bay is 22 ft. wide with a 20-t. 
Shaw electric travelling crane, and has room for three 
boiler feed pumps, three exciters, and two 1500-kw. 
turbo-generator units. The north bay, 22% ft. wide, 
contains the switchboard and electric switching and out- 
going feeder equipment, and below on the basement 
floor, is space, served by a 5-t. hand-power travelling 
crane, for five motor driven air compressor units, one 
of which is now installed. The west end of this air 
compressor space now contains the electric locomotive 
and crane battery charging equipment. Two reinforced 
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concrete tunnels beneath the main bay basement floor 
convey cooling water to and from the turbine condens- 
ers. There is a duplicate motor-driven travelling 
screen equipment in a room in the west side of the 
building which takes care of the trash problem. 
At present the main generating equipment consists 
of: 
1—1500-kw. non-condensing turbo-generator ; 
1—1500-kw. combined condensing and automatic ex- 
traction and induction turbo-generator; and 
1—5000-kw. condensing turbo-generator ; 
all of General Electric make. The steam turbines are 
designed for steam at 275-lb. pressure and 200-deg. F. 
superheat. The mixed pressure machine automatically 


_ regulates itself at 2-lb. back pressure and the 1500-kw. 
"non-condensing unit discharges directly into the station 


low pressure header. 
The 1500-kw. mixed pressure unit has an Alberger 
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present heater located at the basement level is a Wain- 
right unit of the cast shell vertical type, of 2970 sq. 
ft. of heat surface, capable of heating 3000 g.p.m. from 
170 deg. to 200 deg. F., with steam at atmospheric 
pressure. Space is available and piping is designed for 
three additional units of same type and capacity. The 
water is circulated by a 4000-g.p.m. Alberger single- 
stage, 1200-r.p.m. centrifugal pump, at 35-lb. pressure, 
direct-connected to a 150-hp. motor and space is avail- 
able for two additional similar units. The entire system 
has static pressure head of 120 ft. Condensate from 
the heater is now handled through a 4-in. Crane 3-valve 
trap direct to the hot water heater. 


CoMPRESSED AIR, STEAM AND REFRIGERATION FOR THE 
FActTory 

Compressed air is now furnished by one 1300-cu. ft. 

14 and 22 by 16-in. Ingersoll-Rand, 2-stage compressor, 








FIG. 3. THE TURBO-GENERATORS, 1500-KW. UNIT AT LEFT, 5000-KW. UNIT AT RIGHT 


Spiro Flow surface condenser with steam ejector, and 
after-condenser equipment, with one 12-in. Alberger cir- 
culating pump, driven by a 20-hp. motor; and two 24%4- 
in. Alberger, type N, 1800-r.p.m. condensate pumps, 
each driven by a 10-hp. motor. The 5000-kw. unit has 
an Alberger Spiro Flow surface condenser capable of 
producing 28-in. vacuum at full load. The circulating 
water and condensate pump equipment of this unit is 
in duplicate. The dry vacuum equipment is of the 
Alberger steam ejector type, complete with after-con- 
densers. Each circulating pump is a 12-in. Alberger, 
900-r.p.m. centrifugal unit driven by a 30-hp. motor. 
Each condensate pump is a 3-in. Alberger, 1800-r.p.m., 
centrifugal unit, driven by a 20-hp. motor. 

Each turbine unit with condenser is supported on an 
independent steel foundation. Each generator has an 
independent General Electric enclosed air cooler equip- 
ment with recording thermometers to indicate the tem- 
perature of air and cooling water in and out from each 
unit. ’ 

The entire Kearny plant, including the power house, 
is heated by a forced hot water circulating system. The 


direct-driven by a General Electric 260-hp., 225-r.p.m. 
synchronous motor. 
Steam for industrial purposes is supplied at approx- 
imately 90-lb. pressure through duplicate Ruggles- 
Klingemann valves with each unit having thermostati- 
cally controlled dehumidifier. 
A feature somewhat unusual for industrial plants is 
the refrigerating equipment for drinking water service. 
This is located in the basement and is complete for the 
ultimate development. This equipment includes: 
1—York 10 by 10-ft., 2-cylinder, single-acting am- 
monia compressor, direct-driven by a 75-hp., 164- 
r.p.m. synchronous motor; 

1—ammonia condenser ; 

1—eooling tank, 22 ft. by 4 ft. 6 in. by 7 ft. 6 in., 
with float controlled make-up, and having 4800 
ft of 114-in. cooling pipe; 

1—78-in International filter with capacity of 100 

g.p.m.; and 

2—2-in., 2-stage, type N, Alberger centrifugal cir- 

culating pumps, each of 65-g.p.m. capacity. 
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This equipment was installed by the Shipley Construc- 
tion & Supply Company. 

Oil is cooled and filtered by a Richardson-Phenix 
oil filtering and continuous circulating system. 

A number of cooling water discharges are brought 
to a central 1650-gal. tank located directly below the hot 
water tank. The contents of this tank are raised by 
one of two 2-in. Alberger, 100-g.p.m. motor-driven 
pumps to a 6400-gal. elevated surge tank located under 
the roof of the boiler room, from which make-up water 
to heater is drawn. Overflow from the surge tank re- 
turns by gravity to the cold water tank which has an 
overflow to the sewer, and also has float-controlled city 
water make-up through a regulating valve. All the 
water used, except for circulating in condensers, is from 
Kearny city water supply. 

Fire protection equipment consists of two units each 
of 1500-g.p.m., Lecourtenay Underwriters centrifugal 
pumps of 100-lb. pressure, direct-driven by a Sturte- 
vant, 150-hp. steam turbine. This latter supply is 








FIG. 4. MAIN CONTROL BOARD AT KEARNY 


through a 16-in. pipe immersed in the circulating water 
discharge tunnel, and has an Elliott twin strainer. This 
line is primed by a Penberthy injector in less than one 
minute. 

ELECTRICAL EQUIPMENT 


A feature of special interest is the arrangement of 
the electric switchboard and control equipment. All 
power is generated and distributed as 3-phase, 60-cycle, 
4-wire, and at approximately 460 v. Although this re- 
quires a very heavy investment in copper and heavy 
switches, its use eliminates all transformers and attend- 
ant fire and life hazards throughout the plant. The 
main control board is located in the north bay of the 
turbine room and ultimately will be symmetrical with 
respect to the north and south center line of the build- 
ing. It is 90 in. high and of 2-in. Blue Vermont marble. 
At present it consists of: 

1—regulator panel; 

1—generator-winding temperature-indicating panel; 

1—115-v. d. ¢. panel for 2 exciters; 

3—generator panels; and 

6—4-circuit feeder control panels. 

All of the generater main and feeder circuit switches 
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are remote controlled air break type. The generator 
and feeder switches are located in a mezzanine balcony 
below the turbine room floor. The feeder switches are 
each of 500-amp. capacity, and are mounted two on each 
Monson slate panel. Each feeder circuit has direct- 
current solenoid relay, and three alternating-current 
overload relays. Each circuit also has three air-cooled 
reactance coils which connect to the lead-covered, paper- 
insulated 250,000-em. feeder cables (two cables per cir- 
cuit), which are neatly racked to steel frames beneath 
the mezzanine floor and extend out through two tun- 
nels. All feeder cables are run open on racks in tunnels 
and in building basements, and in iron conduits only 
where they rise to distributing centers throughout the 
factory. The lead sheath of the cables is used for the 
grounded neutral conductor. Space is provided for a 
total of 52 2-cireuit feeder panels, of which 16 are 
now installed. Each feeder circuit has integrating 
watthour meter and switching equipment to provide 
indicating watt meter readings and ampere readings 
per phase. The generator main switches are mounted 
on 2-in. Monson slate panels attached to 214-in. heavy 
maple frames, specially designed to withstand the op- 
erating shocks. Generator leads and buses are of 14 by 
4-in. copper bars, each phase arranged to minimize skin 
effect. Each phase is isolated by 14-in. transite board 
baffles. The main generators are excited by 120-v., d. c. 
supplied by a 75-kw. direct-connected exciter driven 
through a reducing gear by a General Electric single- 
stage, non-condensing steam turbine. There are two 
of these units, either of which will furnish excitation for 
all turbines while the other is used for the small amount 
of direct current required for the variable speed stoker 


_ motors, and a few direct-current motors in the Cable 


Plant buildings. A third 75-kw. induction motor-driven, 
direct-current exciter unit is being installed as a spare 
for either service. 

All of the motors in the plant, except the stoker 
motors, are 3-phase, alternating-current type. The air 
compressor, ice machine, and battery charging set mo- 
tors are of synchronous type. The balance of the mo- 
tors are of induction motor type, and all motors are 
Western Electric. 

Excavation, piling, and foundation concrete work 
were done by Henry Steers, Inc.; the Turner Construc- 
tion Company were the general contractors on the su- 
per-structure building work; and J. Livingston & Com- 
pany, Incorporated, were the general contractors for 
the mechanical and electrical equipment. 

Engineering design and supervision of construction 
were carried out under the direction of the Engineer 
of Plant of the Western Electric Co., Incorporated, by 
the J. G. White Engineering Corporation. 


DvuKeE-PricE Power Co., Lrp., MonTREAL, QUE., or- 
ganized to carry out the hydro-electric development on 
the Saguenay River, Que., has been acquired by the 
Aluminum Co. of America, and the Shawinigan Water 
& Power Co., the first noted securing majority control. 
The new owners will continue the power development 
work now under way at Isle Maligne, Que., as described 
in the September 15, 1925 issue of Power Plant En- 
gineering. 
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Propeller Type Turbines May 
Have Too Great Suction Head 


Ir Water Vapor Is FormMep UNDER THE 
BuabDEs, Erosion FROM WATER HAMMER AND 
CoRROSION BY RELEASED OxyGEN May RESULT 


N AN article in Engineering of London, Elov Egles- 
son calls attention to the consequences of setting the 
runners of Francis, propeller or Kaplan turbines at such 
height above tail-water level that the pressure on the 
undersides of the blades will be less than the vapor pres- 
sure of water. This will allow the water to leave the 
undersides of the blades and cavities filled with vapor 
will be formed. Three consequences will follow: 1. Out- 
put and efficiency of the turbine will be decreased be- 
cause of eddy currents. 2. Runner blades and sometimes 
adjacent parts will be eroded and corroded. 3. Heavy 
shock and percussion will occur in the suction pipe, pos- 
sibly so violent as to prevent operation. 

Similar action has been observed with high-speed ship 
propellers and was reported in 1917 by a committee of 
the British Admiralty. Impact from the collapse of 
small or large cavities may result in pressures as high 
as 700 t. per sq. in. and these heavy blows erode the sur- 
faces subject to impact or even stretch the metal by 
peening action so that blades are bent near the ends. 

In many cases, corrosion and erosion of turbine 
runners has been stopped by using materials, such as 
special bronzes, which resist chemical action, although 
their strength was no greater than that of materials 
previously used. 

Mr. Eglesson gives as the factors which influence 
cavitation the following: 1. Static suction head, in- 
crease of which increases danger of forming cavities. 
2. Axial velocity of exit of water from the runner. The 
greater the velocity head to be regained in the suction 
pipe, the greater is the probability of cavitation under 
the blades. For propeller-type turbines, this velocity 
head is 20 to 30 per cent of the total head and for 
Kaplan turbines, 20 to 30 per cent at normal load, run- 
ning up to 70 per cent at overload on high-speed runners. 
3. Length of blade in direction of flow as compared to 
pitch. To keep down friction, blade length is made short 
compared to pitch around the wheel between like edges 
of blades. But this increases specific surface pressure 
and danger of cavitation. The greater the total and 
suction heads, the longer must blades be made in the 
direction of flow of the water and the lower must be 
the specific speed. Blades can be made with length 
greater than pitch but more than four blades should be 
used. 4. Angle between direction of water flow and 
blade surface at the inlet. In researches made by Dr. 
Betz at Gottingen, it was shown that increasing this 
angle, a, from 2.8 deg. to 14.6 deg. raised the greatest 
vacuum from an amount equal to the greatest pressure to 
an amount three times the greatest pressure, as shown 
in the sketch. Hence, the greater this angle, the sooner 
will cavitation occur. 

Other factors, which are variable with conditions, 
are the shape of the blade, temperature of the water and 
peripheral speed of the runner. To determine the effect 
of these, a special laboratory has been installed at Verk- 
staden Kristinehamn in which runners up to 10 in. 
diameter can be tested at heads up to 36 ft. and for 
any desired suction head, positive or negative. 
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Description of the apparatus, which includes a cen- 
trifugal pump drawing from the suction chamber and 
delivering into a pressure chamber whence the water 
flows through a venturi meter to the turbine, is given but 
no results of tests. Load is applied by an Alden absorp- 
tion dynamometer and a glass window and oscilloscope 
are used as a means of studying cavitation effects. 

It has been found that the leakage between the ends 
of the blades and the guide wheel foot tends to draw 
the water away from the backs of the blades next to the 
clearance even at moderate heads and suction heads. A 
remedy has been to give the casing a spherical form at 
the point where the impeller is located, thus reducing 
the clearance and leakage, especially with feathering 
blades in the Kaplan turbines. This ‘‘clearance cavita- 
tion’’ is dangerous because it can cause erosion on the 
guide wheel foot. 





CHANGING THE ANGLE BETWEEN WATER FLOW AND BLADE 
SURFACE AT ENTRANCE GREATLY AFFECTS THE AMOUNT AND 
DISTRIBUTION OF SUCTION ON BACKS OF BLADES 


For some types of turbines, the efficiency increases 
somewhat at the cavitation limit, explained by the re- 
duction in blade friction when water breaks away from 
the blade just below the point and later follows the 
blade surface. 

It is the purpose of the laboratory to determine by 
test the highest suction head that can be used for each 
type of blade at different speeds and total heads thus 
avoiding guesswork on the part of the plant designer as 
to the proper setting to use. 


THe ALABAMA Power Co., Birmingham, Ala., will 
begin preliminary work on its proposed hydroelectric 
power plant on the Coosa River, about 6 mi. from We- 
tumpka, Ala., and has organized a force of about 1,000 
men for construction purposes. The plant has been de- 
signed as one of the largest hydroelectric power develop- 
ments in the South; the power dam will be close to 90 
ft. high. The station will be known as Lock 18 and is 
estimated to cost close to $15,000,000, with transmission 
system. It will require at least 24 mo. for completion. 
Initial operations will include the construction of a rail- 
road line from Elmore to the power site for the trans- 
portation of machinery and materials; connection at 
Elmore will be made with the Louisville & Nashville 
Railroad. 











Hydraulic Governor Balanced 


in All Positions 


OVERNING hydraulic turbines of the impulse type 
offers complications due to the usual high head and 
corresponding danger of water hammer when the jet is 
suddenly changed to meet load conditions. It is usual 
to control the jet by means of a needle valve and, in 
order to make the governor action instantaneous, use 
a deflector in front of the jet to act while the needle 
valve is operating over the necessary period of time. 
Several deflectors have been developed, a unique de- 
sign, shown on the sectional drawing, being described 
recently by the Engineer. The deflector is placed 
directly in front of the nozzle and the jet passes through 
it. When the deflector is rotated by the governor, the 
jet is split by the lower edge and deflected from the 
wheel in two separate streams. The reaction of the two 
streams acts on the deflector from opposite sides of the 





Deflector Deflector 
Open 4/, Closed 


, 
” 
Tre ENGiNneer Swain Sc. 


JET IS SPLIT INTO TWO STREAMS BY DEFLECTOR 


center line to balance one another, resulting in equili- 
brium in all positions. 

In the specific installation described by them, the 
governor controls only the deflector while the needle 
valve is operated by hand to take care of prolonged 
periods of full or partial loads, as the requirements may 
demand. If necessary, the governor can be arranged 
to control both the deflector and needle valve by means 
of an oil-operated servo-motor and dashpot arrange- 
ment. 


Associated Power Companies 
Offer to Lease Muscle Shoals 


PPOINTED TO RECOMMEND for Congressional 
approval a lease of the Muscle Shoals properties, 
a joint committee of the Senate and House has favor- 
ably reported the offer of 13 public service power com- 
panies operating in Tennessee, Kentucky, Florida, 
Georgia,, Alabama, Mississippi, Louisiana and Arkansas. 
Transmission lines of most of these companies are 
interconnected in a super-power system in several south- 
ern states. The total installed horsepower capacity of 
the companies approximates 1,420,000 hp. with a gen- 
eration in 1925 of about 3,024,000,000 kw-hr. The kilo- 
watt-hour output of Muscle Shoals on a 70 per cent 
load factor will’ approximate 1,000,000,000 kw-hr. or 
almost one-third of the 1925 generation of the thirteen 
- Operating companies. 
The offer is made by the Muscle Shoals Fertilizer 
Co. and the Muscle Shoals Power Distributing Co., 
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organized by the Associated Power Companies. The 
Muscle Shoals Fertilizer Co., the stock of which is 
owned by the Muscle Shoals Power Distributing Co., 
proposes to lease the two nitrate plants and the Waco 
Quarry and operate plants for the production of fer- 
tilizer. It is to be provided with $20,000,000 capital 
as needed and will have preferred use up to the entire 
power output of the power plants, if needed, for an 
ultimate production of 40,000 t. of nitrogen for use in 
concentrated commercial fertilizer, mixed or unmixed, 
with or without filler, such as ammonium phosphate and 
other nitrogenous fertilizers. 

Within six years the fertilizer company will provide 
plant capacity for 20,000 t. of nitrogen and necessary 
phosphoric acid plants. Fertilizer is to be sold at cost 
of production plus 8 per cent profit. Power will be 
supplied for fertilizer production at cost. 

A farmers’ board will be named by the Secretary 
of Agriculture representing farmers organizations, who 
must be real farmers. Two other members of the board 
will be a representative of the Department of Agricul- 
ture and a nominee of the fertilizer company. - 

The first unit for 10,000 t. of nitrogen and phos- 
phoric acid plants necessary for making ammonium 
phosphate will be put in operation within three years. 

Additional units of 10,000 t. capacity will be built 
for fertilizer production up to 40,000 t. of nitrogen, in 
response to market demand as authorized by the farmer 
board and the Secretary of Agriculture when, for two 
successive years, the demand has taken the output of 
the plants constructed. A modified Haber Process for 
synthetic ammonia will be used such as has been in 
successful commercial operation in the United States 
for several years. 

Power will be sold to power distributing companies 
throughout several states to aid in meeting the power 
needs of the various sections. The total rental pay- 
ments at Dam No. 2 for 50 years will approximate 
$137,000,000. Not to exceed $1,200,000 a year will be 
paid for additional power at Dam No. 2 (included in 
the above amount) as the result of storage and other 
headwater improvements. If Dam No. 8 is built by the 
Government, rental payments for a lease period ending 
with Dam No. 2 will approximate $75,000,000. 

The Government is not required to expend further 
sums at Muscle Shoals, except for Dam No. 3, which is 
not contingent upon acceptance of the offer. 

The Government has the right, at any time, to take 
over all or a portion of the fertilizer plants or the power 
plants for purposes of war, during which time the obli- 
gations of each company and rentals will be propor- 
tionately suspended. 


To ANYBODY interested in research in any field, the 
Bibliography on Research issued by the National Re- 
search Council, 29 W. 39th St., New York City, will be 
of value. It covers selected articles appearing in the 
technical press of this and other countries during 1923- 
4.5, arranged according to subjects of research, thus 
giving for any investigator a comprehensive view of 
what has been reported during the last three years. 
Details of specific researches are not included as the 
intent is to cover general articles showing trends and 
the importance of applied science in the industries. 
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New Conveyor Tests are Successful 


RECENTLY DEVELOPED PNEUMATIC SysTEM HANDLES COAL, ASH 
AND SEVERAL OrHeR MATERIALS WitHout Dust oR DAMAGE 


NEUMATIC CONVEYORS have, in the past, been 

somewhat limited in their application due to dust, 
or to the inadvisability of bringing the material in con- 
tact with steam used in the system. Dust and structural 
reasons often keep the discharge tank from being placed 
indoors with the result that in cold weather moisture 
collecting from the condensed steam combines with 
water used for dust elimination to cause trouble from 
freezing. Furthermore, many materials cannot be han- 
dled by direct steam contact systems due either to 
destructive effects of the steam or to the formation of a 
sticky mixture which clings to the inner surface of the 
pipe. 

Backed by many years experience in steam jet con- 
veyor work as well as five months’ intensive develop- 
ment and field tests, the Aro-Carrier is proclaimed by 
the manufacturers, the Conveyors Corp. of America, 
an entirely successful development in the conveyor field. 
Designed as a true pneumatic conveyor to handle any 
bulk material of a granular nature which may be readily 
fed into a pipe opening by gravity, dust has been elim- 
inated and the exhauster element entirely separated 
from the material. 


Any Type ExHauster May Bre USED 


Either a steam jet or rotary exhauster may be used 
to exhaust the operating head and give the necessary 
air velocity and volume to carry the material through 
the pipe. Referring to the figure, air and conveyed 
material enters the operating head through the pipe A, 
the heavier material falling on the gates in the accumu- 
lator zone while the air, separating, is discharged 


‘through the suction zone D. Carefully placed louvres 


in this zone separate the entrained dust and automati- 
eally returns it to the accumulator with the bulk of 
the material. 

Although the feed to the accumulator is continuous, 
the discharge is intermittent caused by the operation of 
the gates H, which prevent air from being drawn 
through the discharge opening. Material collects in the 
chamber, or accumulator zone, until the weight on the 
gates is sufficient automatically to trip the hydraulic 
operating cylinders located on the side of the chamber. 
The eyele of opening the gates, discharging the ma- 
terial and restoring the accumulator head to its original 
sealed state consumes not to exceed 114 sec. 


ADJUSTMENT PROVIDED TO REGULATE TRIPPING PERIOD 


As the opening of the gates and discharge of the 
accumulated material depends entirely upon weight, an 
adjustment is provided by which the tripping period 
of the gates may be changed to answer better the needs 
of various materials. Standard sizes can be adjusted 
to trip at any weight up to 1000 lb. but special sizes 
can be furnished to meet specific requirements for 
greater amounts. 

Pulverized fuel, stoker ash, grain, brewers’ malt, 
granulated chemicals, coal and other materials have 
been successfully handled. Capacities as high as 23.6 t. 
of stoker ash per hour have been reported through 


a 5-in. suction line, although test results during a pub- 
lie demonstration were somewhat lower, due possibly, 
to the lower steam pressure available at the steam jet 
exhauster nozzle. During this demonstration weighed 
quantities of materials were conveyed through a hori- 
zontal distance of 34 ft. with a 16-ft. riser at rates 
civen in the table. 


Material Density Steam Pres. Tons per hr. 
DE a oe 47 100 17.5 
Stoker Ash ....... 37.5 102 11.1 
Comb. Ash ....... 36 94 10.0 
CP Sasa 32 100 16.5 
Roofing Gravel .... 96 102 13.0 





| i 
GENERAL ARRANGEMENT OF EQUIPMENT OVER A CAST IRON 
RECEIVING HOPPER 


Steam consumption of evactor not to exceed 2400 lb. 
per hr. at 125-lb. per sq. in. pressure, about 1975 lb. 
per hr. at 100 lb. 


LarcgE Rock TrAvELS 16 Fr. Per SECOND 


This was a 5-in. suction line installation with a 
multi-jet high efficiency steam jet exhauster. The coal 
was a mixture varying from dust to lumps the size of a 
baseball. Stoker ash was received direct from the boiler 
room, the larger clinkers being broken with a hammer 
so as to pass through the pipe opening, while the com- 
bustion ash was taken from a pile which had been 
placed outside the previous day. It was as coarse as 
fine sawdust and damp enough to stay moulded when 
pressed firmly in the hand. At the end of the test a 2-lb. 
rock as big as a man’s two fists was sent through the 
40 ft. of pipe in 2% see. 

Absence of dust was a noticeable feature during 
the tests showing the effectiveness of the dust separating 
baffles in the operating head. Furthermore the material 
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as discharged from the hopper showed no change from 
the condition in which it was fed into the suction 
line. Separation of the coal dust from the air indi- 
cates that the conveyor will handle powdered material 
as well as lump coal. 

Various materials may be handled through the same 
operating head by running suction branch lines and 
using multiple spouting below the discharge point. 


The Dipheny] Oxide Boiler 


Y FAR the most interesting event at the meeting 
held in conjunction with the Second Chemical 
Equipment and Process Engineering exposition held in 
Cleveland, Ohio, May 10 to 15, was the presentation of 
the paper by H. H. Dow, of the Dow Chemical Co., on 
the Dipheny] Oxide boiler for bi-fluid power plants. 

This boiler, developed at the Dow Chemical Works 
at Midland, Mich., is similar in principle to the mercury 
boiler developed by W. L. R. Emmet, of the General 
Electric Co., in that it makes possible a thermal cycle 
with a much greater temperature range than when using 
water. Diphenyl oxide, which heretofore has had no 
commercial use except in the manufacture of perfumes, 
is inexpensive compared to mercury and, although an 
organic compound, undergoes practically no decomposi- 
tion at the temperatures employed in the boiler. It has 
a boiling point at atmospheric pressure of 496 deg. F. 
and solidifies at about 81 deg. At 200 lb. pressure the 
boiling point is 800 deg. It is worth about 30c¢ per 
pound and per unit volume the cost is less than two per 
cent that of mercury. 

An experimental installation using this boiler has 
been in operation at Midland for about 2 yr. and, while 
it is only a small unit, the performance seems to indicate 
that the process could be successfully employed in a 
larger installation. 

A study of the thermo-dynamics of the diphenyl] oxide 
boiler indicates a Carnot cycle efficiency when expand- 
ing from 750 deg. to 70 deg. F. of 54.6 per cent. Fora 
steam plant using steam at 500 deg. and expanding down 
to 70 deg. the Carnot cycle efficiency is 44.8 per cent. 

Aside from the decided thermal advantages to be 
derived from the diphenyl oxide boiler plant, the par- 
ticular boiler proposed by Mr. Dow possesses several 
other interesting points, chief of which is, perhaps, the 
two-stage combustion system used. The boiler consists 
of several water-tube elements in series, with a furnace 
for each of the first two elements. Half of the total 
amount of fuel used is introduced into the first furnace 
and the other half in the second furnace. The last ele- 
ment discharges the gases of combustion at about 900 
deg. to .a heat interchanger which reclaims most of this 
heat and returns it to the first furnace. It is due to the 
fact that the air entering the furnace is so highly pre- 
heated that two-stage combustion is necessary. If it 
were not used, the highly preheated air would create 
such a high furnace temperature that no refractories 
could withstand the heat. 


The heat interchanger itself is novel. It consists of 


a group of cells containing scrap iron through which the 
gases of combustion and the incoming air pass succes- 
sively. The entrance of the gases and the air to the 
cells is controlled by a pair of rotating valves which 
rotate once in seven minutes. 


It is highly effective and 
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usually discharges the flue gases at a temperature within 
100 deg. of the surrounding atmosphere. 

So far as operation is concerned, the diphenyl oxide 
system should introduce no insurmountable difficulties. 
Like the mercury boiler at Hartford, it is connected 
direct to a turbine, the exhaust of which passes into a 
condenser-boiler, generating steam at about 650 deg. 
The weight of the diphenyl vapor is 9.4 times that of 
steam which should make possible the design of a tur- 
bine with a high efficiency. 

While the boiler proposed by Mr. Dow utilizes two- 
stage combustion, in the experimental installation at 
Midland it is not used, due to the inability of the stoker 
to withstand a temperature of over 300 deg. for the in- 
coming air. An exhaust or waste heat boiler is, there- 
fore, interposed between the heat interchanger and the 
furnace which reduces the temperature of the air leaving 
the interchanger from 800 deg. to 300 deg. With a dif- 
ferent type of stoker or with a system burning the fuel 
in suspension, it should be possible to introduce the 800 
deg. air from the interchanger directly into the first 
furnace. 

It may appear strange upon first thought that the 
gases of combustion should be permitted to leave the 
final element of the boiler at a temperature of 800 deg. 
and then to reclaim this heat for use in the furnace. 
When the problem is studied carefully, it will be obvious 
that this results in a much more efficient heat cycle than 
if the heat were absorbed in an economizer because, in 
introducing this heat into the furnace, it is added to the 
top of the temperature range. An economizer adds the 
heat at the lower part of the thermal cycle, that is, some- 
where usually between 70 and 212 or more deg. F. The 
air preheater, on the other hand, by increasing the tem- 
perature of combustion adds the heat to the upper por- 
tion of the heat cycle resulting in a much greater Carnot 
eycle efficiency. This is a point which has often been 
neglected in comparing various thermal cycles. With 
an economizer, the heat has a Carnot cycle efficiency of 
perhaps 18 or 20 per cent but, if the heat is put in at, 
say, 600 deg. instead of between 70 to 300, it has an 
efficiency of perhaps 50 per cent. 

The history of the diphenyl oxide boiler is interest- 
ing. Although it was developed at Midland by the Dow 
Chemical Co., the idea of using diphenyl oxide in a 
bi-fluid boiler belongs to Mr. Emmet. In his search for 
a suitable medium for a binary vapor system, Mr. 
Emmet investigated a large number of substances, 
among them diphenyl oxide, which he stated was unsuit- 
able because it would decompose at a certain tempera- 
ture. It was Mr. Emmet’s statement that started the 
investigation at Midland, for at the time, they were 
manufacturing diphenyl oxide at Midland at a higher 
temperature than that at which Mr. Emmet said it would 
decompose. Apparently, Mr. Emmet’s conclusions were 
due to his working with an impure example. 

With his paper, Mr. Dow showed a number of inter- 
esting charts and tables indicating the properties of the 
diphenyl-oxide-water cycle which cannot be given here. 
A complete copy of the paper, however, will appear in 
an early issue of Power Plant Engineering. 


IT TAKES ALL sorts of fools to make a world—includ- 
ing the kind that won’t use safety devices, remarks E. J. 
Senne of the National Safety Council. 
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Oxy-Acetylene Welding in Refrigeration Work 


By Cuarutes H. Herter 


T A RECENT meeting of the National Association 

of Practical Refrigerating Engineers the impor- 

tance of oxy-acetylene welding to many phases of refrig- 

erating practice was convincingly shown by representa- 
tives of the Oxweld-Acetylene Co. 

In addition to motion pictures illustrating the versa- 
tility of the oxweld process, there were several interest- 
ing papers and discussions. It was pointed out that if 
changes are to be made in existing atmospheric ammonia 
condensers, the oxy-acetylene blowpipe is unequaled by 
any other method. As ammonia fittings are quite ex- 
pensive, and screwed joints are liable to leak, most 
refrigerating machine manufacturers have adopted 
welding as standard in shop practice. 

In a paper entitled ‘‘ What the Oxy-Acetylene Process 
Means to the Refrigerating Industry,’’ J. W. Catalane 
discussed a few of the more important benefits, as fol- 
lows: 

Strength and tightness, it is probably agreed, are the 
two prime requisites for a good joint. Coupled joints 
have great difficulty in retaining those qualities even for 
a short time against the stresses and biting corrosives 
peculiar to refrigerating piping. Not only is there pres- 
sure to be overcome but a certain amount of vibration 
and unsteady pulsation especially near pumps and com- 
pressors. To this add the stresses due to temperature 
changes. At first standard pipe was used with screw 
coupled joints but these readily fractured. The cause for 
this was, of course, that in threading, 40 to 50 per cent 
of the pipe wall is cut through, leaving it weakened to 
that extent. The next step was the adoption of a heavier 
and more expensive pipe to satisfy the coupling. Here 
we have the first reason for the oxwelded joint. Using 
standard, unthreaded pipe, it makes the strongest and 
most pliable installation possible. A welded line is good 
as long as the pipe itself because such a line is a single 
long tube. 

Freezing Tank Coms WELDED 

Recently a coupled ammonia installation of a new ice 
plant in Chicago went bad; leaks developed all over and 
despite the application of every known method of stop- 
ping them without dismantling the coils, it was impos- 
sible to make them tight. To dismantle the coils com- 
pletely, remove all flanges, clean them and the pipe ends, 
reconnect and caulk with litharge would have taken the 
better part of a month and the company was anxious to 
begin plant operation with the busy season. Conversion 
by welding was suggested, adopted, and within five days 
every one of the 400 defective fittings had been removed 
with the oxy-acetylene cutting blowpipe and pipe sec- 
tions welded in their places. Test proved the joints tight 
and no trouble has developed since. 

DisMANnTLING Mapr Easy 
; Dismantling, altering or rebuilding welded or coupled 
pipe is easy work with the oxy-acetylene process. A clean, 
narrow cut is made with the cutting blowpipe and any 
change in slope, direction or size welded in. Not only 
are the advantages of the process realized on straight 
pipe and coils but in the construction of headers, traps, 
elbows, manifolds, reducers, crosses, tees, and ells. Main- 
tenance on such is reduced to a minimum, for when once 

IM position no repairs ever need be made. 


Compaetness, another goal of refrigerating experts, is 
accomplished by welding. In condenser coils for exam- 
ple return bends are nested so compactly that no drip 
plates are needed between pipes. It is interesting to 
note that besides compactness, tests conducted at the 
laboratories of the University of Illinois proved that a 
.180-deg. return bend using welded joints produces 6 to 8 
per cent less friction than a cast steel return bend. 

Underground lines must meet different conditions of 
stress than plant piping. When a line is buried deep 
enough to avoid fluctuating weather conditions, the ex- 
pense is sufficient to warrant installation of a line which 
will remain intact for years. And here again welding 
comes to the fore. Not long ago a large refrigerating 
plant in a mid-western cold storage center had occasion 
to lay long stretches of pipe lines which were for the 
purpose of supplying refrigeration to buildings along its 
route. These were made up of extra heavy pipe and, 
naturally enough, oxy-acetylene welded throughout for 
it was desirable that the cost of a joint, installed by the 
thousand, be reduced to a minimum. Oxwelded joints 
attain this feature. Not only does a weld prove its rela- 
tive cheapness by endurance in the long run, but the first 
cost is less than any other joint. 


WELDING REPLACES SOLDERING OF IczE Cans 


In the construction of other refrigerating equipment 
the oxy-acetylene process also plays a big part. Previous 
to oxwelding ice can seams they were riveted and 
soldered—an elaborate and unsatisfactory practice. The 
brine corrosion and ordinary rust soon attacked the un- 
protected part of the rivet exposed during stressing and 
rendered the can worthless. It is extremely difficult to 
crush an all-welded ice can; even when stressed to de- 
struction of the sheet the welds remain tight. 

Other equipment fabricated to great advantage by 
fashioning metal with the cutting and welding blowpipes 
include ammonia generators and receivers, floats of all 
kinds, brine tanks, conveyors, coil specialties, condensers, 
ice dumps and chutes, can hoists and brine agitator parts. 

The ice manufacturer has a seasonal fluctuation of 
business more extreme than that of most industries. And 
when he is busy, he is very busy. It seems predestined 
by fate, for often when business is at its peak, when the 
plant is operating at high speed to fill the demands of a 
heat wave, something goes wrong. If it is metal it can 
be welded. 


Repairs Mave QUICKLY 


A 16-ton casting—the base of an ice machine— 
broke in three places a short time ago. The casting was 
27 ft. long, 16 ft. wide and too large to remove to the 
welding shop. It was stripped of attached parts, raised 
and blocked by fire bricks. The entire job including 
veeing the crack, preheating and welding was completed 
and the machine in operation again in three working 
days. In the field of repair we might also cite the exam- 
ple of an ammonia compressor which was so badly- 
wrecked that it was apparently worth little more than 
scrap. The plant manager, however, was optimistic con- 
cerning the possibilities of the oxy-acetylene process and 
the welders were set to work. After machining the com- 
plete welds, and ‘‘cleaning up’’ the piston on a lathe to 
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exact diameter, the compressor was assembled, started 
running, and still is going after two years. The time 
saving of this operation was extremely valuable at that 
season. A cash saving of $910 was also noted. A new 
compressor would have cost $1100 whereas the cost of 
restoring the wrecked machine was only $190. 


Castines Cur By FLAME 

The importance of the cutting blowpipe is never un- 
dervalued by the man who owns one. Its most popular 
use in scrapping has solved many a problem of how to 
get a large unused flywheel through a small door, or how 
to get a great obsolete machine base out of a building 
whose rafters are unequal to its weight. Besides its use 
in the fabrication of equipment the cutting blowpipe is 
used on repair jobs for removing light obstacles in the 
way of the main job, veeing cracks for welding, remov- 
ing staybolts and frozen-on nuts. 

Various other welding repair jobs are done on pump 
cylinders, pulley wheels and electrical equipment. Build- 
ing up worn parts at points where abrasion is severest, 
is a common practice with the welding blowpipe. Such 
parts are turned on a lathe or otherwise machined to 
correct dimension. 

Development of oxy-acetylene welding and cutting 
has evolved standard methods of operation. These have 
been worked out jointly by refrigerating and oxy- 
acetylene engineers. Methods of making the best and 
cheapest pipe joints, for instance, have been worked out 
and rules for design and cost sheet prepared. Bronze 
welding, a comparatively recent development, permits 
repairs on large or small castings (ammonia excepted) 
without preheating or removing attachments. In every 
field the benefits of cast iron cutting have been great. 


Commercial Stocks of Anthra- 


cite and Bituminous Coal 

NVENTORY of coal stocks as of April 1, 1926, shows 

40,000,000 t. of bituminous coal in the hands of con- 
sumers, according to the Bureau of Mines, Department 
of Commerce. This is slightly lower than at a corre- 
sponding period last year, but about midway between 
the stock figures of June 1 and September 1, 1925. 
The trend since the beginning of the year has been 
gradually downward to more normal proportions. Con- 
sumption continues to be more than production which, 
during February and March, has ranged downward 
from 12,167,000 to 9,626,000 t. a week, indicating 
greater inroads upon stocks. 

When comparing stocks of coal on the several stock- 
taking dates reported in the previous surveys of this 
series, full consideration must be given to the consump- 
tion rate‘during the period covered. At the rate pre- 
vailing during February and March this year, there 
was on April 1 a supply sufficient to last 26 days. This 
is 11 days less supply than in March a year ago, the 
nearest like date for which figures are available for 
comparison, but four days greater supply than on 
March 1, 1923. If no substitution for anthracite had 
been necessary, the supply on February 1 would have 
_ been sufficient for 31 days but at the actual rate of 
consumption, prevailing during January, the supply 
was enough for 28 days. As has been regularly men- 
tioned in these reports, this average day’s supply figure, 
while useful for comparison with figures for other stock 
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report dates, is not indicative of the true situation in 
many localities and industries, for the individual sup- 
plies range from little or no coal on hand to very large 
reserves of fuel. 

There were, in addition to the tonnage in consumers’ 
hands on April 1, about 2,900,000 t. of coal on the Lake 
Superior and Lake Michigan docks; slightly less than 
200,000 t. stored by the producers at the mines or at 
points between the mines and market; and approxi- 
mately 1,000,000 t. loaded in cars but unbilled at mines. 
The first of these items is lower, as is normal at the 
end of the coal year, and the other two items higher, 
than on February 1. 

With the resumption of anthracite operations in 
February, retail dealers’ stocks of anthracite naturally 
have increased considerably since the preceding date of 
stock taking, February 1. Retail stocks of bituminous 
coal on April 1, while lower than at the time of the 
previous stock report, have not declined to any unusual 
or abnormally low level. Surplus stocks of by-product 
coke at merchant plants on April 1, despite the record- 
breaking production during the two-month period ‘under 
discussion, were even below the record-breaking mini- 
mum of February 1, 1926, amounting to only 57,000 t. 
At the beginning of the anthracite suspension in Sep- 
tember, by-product coke stocks were 832,000 t. 





Department of Commerce 
Analyzes Stoker Sales 


Roe THE MONTH of April, 1926, the Department 
of Commerce announces sales of mechanical stokers, 
as given in the accompanying table, compiled from re- 
ports of 12 establishments. Comparative statistics for 
the period from April, 1924, to April, 1926, are also 
included. 


TABLE SHOWING STOKERS SOLD, HORSEPOWER AND KIND OF 








INSTALLATION 

Year  Establish- INSTALLED UNDER 

and ments STOKERS  Fire-tube Water-tube 

Month reporting SOLD boilers boilers 

0. No. Hp. No. hp. No. Hp. 

1926 
ADE isos. 12 145 70,055 22 4868 123 65,687 
March (1) 12 182 52,812 81 3680 101 48,632 
February .. 13 83 33,141 12 2065 71 31,076 
vnpene SAG 18 72 36,9138 10 1888 62 85,525 
December . 13 108 47,104 21 38895 87 48,209 
November. . 13 76 33,461 8 1260 68 82,201 
October ... 138 114 538,451 22 3864 92 49,587 
September . 18 119 38,155 34 7568 85 930,592 
August ... 138 91 29,865 27 3880 64 25,985 
\ a ees 18 147 58,719 30 5075 117 58,644 
puMe' 345% 138 128 44,095 26 4625 102 89,470 
Magee. 6% 13 122 55,588 23 39384 99 51,654 
re 13 120 47,627 238 5898 97 41,784 
March : 18 181 171,099 17 2446 114 68,658 
February .. 18 1385 46,298 28 4905 107 41,393 
a. o* 13 57 27,871 4 870 58 27,001 
December . 13 91 31,782 18 1788 78 29,944 
November. . 18 106 387,167 11 1675 95 35,492 
October .. 138 104 58,565 7 1702 97 56,868 
September . 18 738 25,988 27 6646. 46 19,842 
August ...(2) 13 94° 41,981 17 2486 °77 (39,446 
eRe ink’... 15 115 387,759 14 1660 101 36,099 
BANC. n.s ao. 15° 102 85,549 19 .2724 88 . 82,825 
IY ss sss 15 64 34,447 $° 650 61 383,897 
April oi 15 89 47,939 15 1970 74 45,969 





ee 1) One establishment discontinued the manufacture of 
mechanical stokers. 
(2) Two establishments consolidated with other com- 


panies. 
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Application of Centrifugal Pump 
Chart Limited 


In THE April 1 issue, p. 438, the centrifugal pump 
theory in the article by Charles Fromm is correct, but 
many will question its usefulness. The concluding 

U? 
formula H = K — is correct but the difficulty lies in 
2¢ . 
finding the value of K. The shut-off head can usually 
be determined within 10 per cent by that method. From 
that point on, not even a good guess can be made as to 
the remainder of the curve unless the general type of 
pump is known. 

Some time ago I had occasion to buy a circulating 
pump for 6000 g.p.m. against 28 ft. head. Figure 1 
shows curves for characteristics of three different 
pumps offered by three companies. The difference in 
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9 30 


+ 20 





| 
FIG. 1. THESE CURVES SHOW CHARACTERISTICS OF PUMPS 
OFFERED BY 3 DIFFERENT COMPANIES FOR THE SAME 
SERVICE 


the shape of the curves is caused by the different vane 
angle. The flat curve is given by the pump with the 
more nearly radial vanes. From the shut-off head, the 
value of K changes at every point of the curve. It is 
true that a certain type of pump built by a manufac- 
turer usually has the same general characteristic but 
this is of little value except for specific cases. 

In the three cases given the product of KU? is the 
same for all three pumps at point A. As U? is a con- 
stant, the shape of the characteristics depends upon the 
variation of K. On curve 1 the change in K from the 
point of impending discharge to the operating condition 
is 28/37 = 76 per cent; on curve 2 it is 28/45 — 62 per 
cent; and on curve 3 it is 28/63 = 44 per cent. So you 
can see that if those three propellers had been measured 
and the heads calculated from the formula the results 
would not have equalled a good guess. Calculated by 
Mr. Fromm’s method with an average value of K = 
0.825, the operating heads would have been found to be 
28.7 ft., 35 ft., and 49 ft. respectively for 1, 2 and 3. 
Although a case might arise where an ‘old pump is 
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found without information or name plate data, nobody 
would proceed to cut down the impeller or go to the 
expense of changing the pump speed on the authority 
of formulas or charts. The only satisfactory method is 
to test the pump to find the characteristic and calculate 
the changes necessary. If a test cannot be carried out 
several pressure gage readings at various rates of dis- 
charge will indicate to an experienced man the changes 
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FIG. 2. SOLID LINES ARE ACTUAL TEST CURVES FOR A PUMP 
AT 1750 R.P.M. AND THE DOTTED LINES ARE CALCULATED 
FOR THE SAME PUMP AT 1560 R.P.M. 


necessary to reach the desired conditions. With no data 
at all, one must simply speed up the pump until it 
pumps. 

If a pump characteristic or even one set of condi- 
tions is known, the effect of changes in speed or impeller 
diameter can be calculated from the following relation 
which holds true at constant efficiency : 

Ni Q: ME. 8\/Br. hp., 


N, Q VH, *VBr. hp. 
where N, and N, are respective speeds, r.p.m.; Q: 
and Q, are g.p.m. respectively; H, and H,, head in 
feet for respective conditions; Br. hp., and Br. hp.., 
brake horsepower for respective conditions. 
In Fig. 2 the solid lines show actual test curves of 
a pump at 1750 r.p.m. The operating conditions are 
1200 g.p.m. at 158 ft. with an efficiency of 73.5 per cent. 
If the operating conditions change, it may be advisable 
to change the speed or impeller of the pump. Suppose 
the head was reduced to 118 ft. and the same flow of 
1200 g.p.m. desired.. By reducing the speed to 1560 
r.p.m. the head capacity curve would be changed to 
that shown by dotted lines. 
The following table shows the calculations made in 
finding the new curves at the lower speed. The effi- 
ciency, head, and capacity at 1750 r.p.m. are taken from 
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the curve or test data and corresponding values of head 
and capacity are calculated by slide rule by decreasing 
the capacity directly as the speed, and the head as the 
square of the speed. The efficiency remains the same 
for all points and the horsepower can be calculated 


TABLE OF DATA FOR CURVES OF FIG. 2 


1750 1560 
Eff. Head Cap. Head Cap. 
0 178 0 141 0 Pe 
56 182 600 144 535 35 
72 162 1115 128 995 44 
73.5 141 1410 112 1260 48 
70 116 1725 92 1540 51 








Br. Hp. 





using the cube of the speeds or more conveniently by 
using the head capacity figures just calculated: 
HQ 


Br. hp. = ————— 
3960 Efi. 

After noticing the speed of 1750 r.p.m., an engineer 
with any pump experience will be fairly certain that 
the pump is a direct connected unit with a 60 cycle 
induction motor and the speed cannot be changed. This 
is true and in this particular case the change was made 
by cutting down the diameter of the impeller from 
13.75 in. to 12.25 in. and installing new shroud rings. 
Changing the diameter of the impeller has the same 
effect as changing the speed and the ratio 

1750 =13.75 
—— = — = 1,12. 
1560 12.25 

In finding the new speed to suit given conditions 
some juggling is required at first as both the head and 
capacity change at the same time. It is necessary to 
make several trials to find the proper speed. 

To be fair to Mr. Fromm, it should be stated that 
his formula applies to this particular impeller and cal- 
culated heads are indicated between limits on Fig. 2, 
K for the operating point of this pump is about 0.925. 

Anybody who has studied Daugherty’s or DeLaval’s 
book on centrifugal pumps will agree that Mr. Fromm’s 
article is strictly correct without further explanation, 
but it would seem to be misleading to the uninitiated. 

Bronxville, N. Y. B. MARKER. 


Available Draft Limits Combustion 
Rates 


No poust others besides myself have been struck 
by the claims made by some operating engineers and 
manufacturers of grates, stokers and other combustion 
equipment as to the high rating at which they can op- 
erate boilers. 

I am quite willing to believe, for instance, that hand- 
fired boilers burning anthracite coal with forced draft 
can operate considerably over rating provided there is 
an adequate stack, but there seems to be a tendency 
never to claim less than 200 per cent while some makers 
of natural draft stokers will talk about 200 per cent 
_ rating provided the stack is anything over 125 ft. high 
and sometimes less, quite ignoring the fact that the 
total draft of such a chimney apparently would not do 
more than take care of the resistance through the boiler 
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and breeching at this rating and the resistance through 
the fuel bed presumably would have to be zero. 

Often it is difficult to combat such statements by 
showing that they are theoretically impossible, and one 
always must bear in mind the fact that in some cases 
conditions may be more favorable than those generally 
assumed for the theoretical calculations. 

I think that it would be of general interest if some- 
body could furnish reliable data based upon observa- 
tion as to ratings actually obtained in practice, and 
especially as to cases where authentic ratings have been 
obtained in excess of those which theoretical considera- 
tions alone would indicate as being probable. 

Newark, N. J. J. O. G. GIBBONS. 


Cast-Iron Sleeve Protects Fire Tubes 


IN THE accompanying figure is shown a device which 
serves as a protector for the tubes of a fire-tube boiler. 














BonwtR Tose / 


IN ENGLAND, FIRE-TUBE BOILERS ARE PROVIDED WITH CAST- 
IRON SLEEVES AT THE OPENING OF EACH TUBE TO PROTECT 
THE JOINT 


This protector is made of cast iron and fits snugly into 
the tube but is not necessarily machined on the fitting 
surface. 

Its use was suggested by a boiler inspector to prevent 
leaky tubes but he offered no explanation as to how 
it accomplishes its purpose. According to his statement, 
its use is quite common in England and especially in 
the British: Navy. 

I would be pleased to know whether a device of this 
kind is in common use in this country and whether any 
explanation is advanced for its preventing leaky tubes. 

Green Bay, Wis. CHARLES J. VIRGIN. 


Adopting the Metric System 
ALTHOUGH personally not enthusiastic about the 
metric system, there is no question in my mind but that 
the’ United States will some day adopt it, if not in the 


near future. The handwriting is on the wall. Every 
country of any importance in the world has already 
adopted it—all but the United States and Great Britain. 
No doubt the transition period from our present stand- 
ard to metric will cause much expense and inconveni- 
ence, but the sooner we jump in and have it over with, 
the better. 

It is not commonly known that the famous James 
Watt, an English engineer and scientist, originated the 
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decimal system of measurement. I have always consid- 
ered it of French or German origin myself, but that is 
not so. Nor is it well known that our present English 
system is of German origin. We therefore have the 
unique condition of the English speaking people cling- 
ing to a German system, which even the Germans them- 
selves have dropped, and the balance of the world 
using an English system. 

Probably the simplest way to remember the relation 
between all of the units in the two systems, is the fol- 
lowing in approximate figures: Length—one yard plus 
10 per cent—one meter; weight—two pounds plus 10 
per centone kilogram; Volume—one quart plus 5 
per cent—one litre. 

Recently there was brought to my attention the fol- 
lowing interesting paragraphs written by the works 
manager of a large American manufacturing concern 
that has already switched over to the metric system. 
Surely he should know what he is talking about: 


“The great cost of the change to the metric system has 
been proved by the experience of those who have adopted it, 
to be overstated. My own experience in a large plant, cov- 
ering a period of 15 yr., enables me to say, unequivocally, 
that the cost of the change in any machinery producing 
establishment will be more than paid for in the very first 
year of operation. The trouble is that many manufacturers 
have been persuaded to believe that in order to make the 
change, it would be necessary to throw away all drawings, 
patterns, jigs, fixtures, and small tools. Some even go so 
far as to say that it would be necessary to scrap machine 
tools. The real facts in the matter are that the size of 
nothing whatever need be changed. The sizes are merely 
called by another name or expressed in another unit. 

“Furthermore, it should be borne in mind that most 
manufacturers already are offering tools and machinery 
with metric dials and metric sizes, and these must be made, 
even though it be in small quantities, in addition to the 
English sizes. The adoption of the metric system would 
obviate that difficulty and expense entirely. 

“If the opinions expressed and the testimony furnished 
in regard to the metric system could be confined to people 
who have had actual experience with it, the problem would 
be very simple. I have just read that the railroads have 
testified before the Committee on Coinage, Weights and 
Measures that it would take more than $200,000,000 to 
make the necessary changes in the machinery of the rail- 
roads, if the metric system were adopted. As one who has 
operated a large machine shop for years under the metric 
system, I can say that none of the machinery would need 
to be changed, nor would there be any benefit whatever 
obtained by changing it. Let us once and for all recognize 
the fact that the statement often made that all patterns, 
jigs and machinery must be scrapped if we are to use the 
decimal system, is erroneous. 

“One of my acquaintances, in speaking of a certain 


-engineer, remarked, ‘A man who can do a job is worth ten 


men who cannot’; and so I think that the testimony of per- 
sons who have actually made the change to the metric sys- 
tem and used it in shop work for years, is worth any amount 
of testimony of those who have merely potest opinions, 
but who have had no experience with the changing over 
from one system to the other.” 


Newark, N. J. W. F. Scmapnorst. 


Power Salesman Has Valuable 
Suggestions 


AS A RULE, the engineer is not getting the returns 
in information and excellent advice from the salesman 
that he could get if he would accept him as the authori- 
tative representative of companies who are doing a great 
deal for the engineer. 

The salesman is trained in the application of the 
product he sells and, if allowed to do so, will be a valu- 
able source of information, suggesting ways and means 
of reducing the cost of operation. Trade journals and 
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the salesman are about the only connecting link be- 
tween one engineer and others of the profession and, 
if the salesman is encouraged (made a friend), he will 
gladly pass on from one to the other valuable kinks 
and money-saving suggestions. He is constantly run- 
ning across unusual situations which have been met in 
an efficient way and the engineer should make use of 
this opportunity to keep up to date. Also, we must 
consider that he has received special training by his 
company for the purpose of meeting the engineers’ 
needs for his products and instructing the user in the 
application of the product so that the greatest returns 
possible will be secured. 

I have found that, with few exceptions, the sales- 
men calling upon me are honest in their efforts to 
render me a service and, if their product is not adapted 
to my needs, they say so and tell me where I can secure 
the material needed. I also find that if a salesman does 
not have the information needed, he has back of him a 
company ready at all times to put its technicians and 
laboratories to work solving my problem. If I am going 
to progress with the others who appreciate this valuable 
service, I must receive the salesman not as a man who 
is trying to sell me something but one who is doing me 
a favor by so presenting his proposition that I can 
judge its value to my plant. 

Trade magazines have a value all their own, not 
only the editorials, articles and discussions by readers, 
but their greatest value to the engineer is found in 
the advertisements. Reading them will keep one posted 


“as to the materials available and the results possible 


with modern equipment. But to secure the greatest 
returns on the time spent reading, one should pay espe- 
cial attention to the bulletins issued by the companies 
which give details of their various products and their 
application, and spend a stamp requesting any of par- 
ticular interest. I much prefer them to engineering 
text books in many respects, as they are up-to-date and, 
what is more to the point, practical. 

When the engineer finds that he can make a worth- 
while saving by the installation of some advertised 
product, he should not rush to the office with an exag- 
gerated general statement of what it will save, but he 
should secure all of the information possible on the 
subject and present it in a clear, concise manner, free 
from technicalities and in the language the superin- 
tendent knows; that is, a careful estimate of installation, 
operating and maintenance expenses, expected life, and 
possible savings. 

Both the salesman and advertising sections of mag- 
azines have another thing usually lacking in the engi- 
neer and that is salesmanship and advertising or how 
to present a proposition from the prospect’s viewpoint 
of the product. 

Listen to the salesman’s presentation of his proposi- . 
tion as he builds up curiosity, develops your need for 
the product, establishes confidence and value, selling to 
you himself first, then his company and their product. 
The engineer can learn much from him about selling 
and that is just what he needs to do, selling himself as 
an efficient department head. At present his selling 
and advertising methods are poor and the cause, in 
many cases, of the present low wage scale. 

Vermillion, S. D. L. A. Cow zs. 
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Thermocouple Used for Coal Storage 
Temperature 


Locatep near the plant, we have a coal storage pile 
of about 1500-t. capacity. From time to time we are 
troubled with overheating at certain points which quite 
often become incipient fires. Can you suggest a practi- 
eal method for detecting the hot spots before any evi- 
dence is visible at the surface? A. R. 

A. One of the best methods is periodically to probe 
the pile at various points and depths by means of spe- 
cially designed thermocouples. 
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THIS SHOWS DETAILS OF THE CONSTRUCTION OF A BASE 
METAL THERMOCOUPLE FOR MEASURING THE TEMPERATURE 
OF A COAL PILE 


In some cases operators have been known to sink 
pipes into the pile at different points and then, by 
means of chemical thermometers lowered through these 
pipes, have attempted to arrive at the temperature. 
Obviously this method is subject to considerable error 
and the thermometer does not come in direct contact 
with the coal but merely indicates the temperature of 
the air within the pipe. Besides this, before the ther- 
mometer can be raised to the top of the pipe, where it 
ean be observed, the temperature indicated may have 
fallen appreciably. 

One of the simplest and yet one of the most effective 
methods of obtaining coal pile temperatures is found 
by using a thermocouple similar to one shown in the 
accompanying figure. 

Essential features of this thermocouple are shown 
by the detailed drawings. It has much the appearance 
of a long spear and consists primarily of a 10-ft. length 
of 1%4-in. pipe provided at one end with a spear-shaped 
point into which the positive and negative wires of the 
couple are fastened, and at the other end with a head 
for the binding posts as shown in assembly No. 1. By 
means of the cross-T near the head of the thermocouple, 
provision is made for 10 or 12-in. handles so that the 
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pipe may be pushed into the pile to the desired depth. 

Fires start from 4 to 6 ft. beneath the surface and 
if the temperature of the pile reaches 140 to 150 deg. 
F. and continues to rise, it is likely that within a short 
time, a destructive temperature will be reached. Coal 
at this temperature should be removed immediately. 

Where the coal pile is as large or larger than the 
one mentioned in the inquiry, it probably will be better 
to employ two men for the temperature measurement. 
One man may be used to climb over the top of the pile 
and insert the thermocouple at various points, while one 
remains below to take readings with a portable potenti- 
ometer or galvanometer. The man handling the ther- 
mocouple should carry a thermometer for measuring 
the air temperature at the cold junction. 


Figuring the Size of a Crankpin 

PLEASE explain the method of figuring the proper 
size of crankpin for any given size of engine. C. M. 

A. In a recent book called Principles of Machine 
Design, C. A. Norman states that in determining the 
size of a crankpin, it should be computed for bending, 
the bending moment being PL-2, where L is the length 
of the pin and P is the maximum force on the rod. 
The bending stress may be assumed to be 7000 to 10,000 
lb. per sq. in. The crankpin also should be computed for 
bearing pressure. 

It is further stated that according to investigation by 
Lewis and Kessler, the pressure on pins of over-hung 
crank for high speed stationary engines is 900 to 1500 
lb. per in. while for low speed engines it is 800 to 1300 
lb. per sq. in. In order to secure proper heat dissipation, 
the friction work per square inch of pin bearing area 
must not exceed a certain value. The friction work is 
proportional to pv, where p is the pressure per square 
inch and v is the rubbing speed in feet per minute. The 
value of the product may vary in actual engines from 
50,000 and less to as much as 200,000, dependent on speed 
of rotation, special cooling influences and other factors. 

Bach gives the values for pv=C, listed in the follow- 
ing table: 


Oil standard 
For excellent cooling conditions and 
good attendance (comparatively short 
pins of large diameter, hence with 
large radiating bearing parts) 
Exterior crankpins of locomotives.... 370,000 
Journals of crank shaft, bronze bear- 
ings 
Journals of crank shaft in babbited 
boxes, up to 
Passenger car journals 
Locomotive journals ................ 220,000 
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The friction work of a journal in foot-pounds per 
minute is 3.1416 P£N 


12 
where f is the coefficient of friction, P the total bearing 
load, d the journal diameter in inches, and N the r.p.m. 
Per square inch of projected bearing surface this becomes 


3.1416 P£N 
= pvf, 
12<Ld 
or | 
3.1416 PN 
as 
12 L 


This relation does not contain the journal diameter d. 
Hence, it can be used for determining the necessary bear- 
ing length simply from the empirical value for C. After 
this length is determined, the bearing diameter may be 
made such as to give a reasonable bearing pressure. The 
ratio of the length L to the diameter d of the pin may 
be taken from 1 to 1.25, at times perhaps more. 

As an example of a side crankpin problem we may 
assume a steam engine of 10 in. cylinder diameter runs 
at 150 r.p.m. and has a steam pressure of 125 lb. per 
sq. in. What should be the dimensions of the crankpin? 

Assuming the maximum force on the connecting rod 
to be equal to the maximum force on the piston, we have 
for the maximum rod force 

3.1416 & 10? & 125 
= 9820 lb. 





+ 
Assuming that L/d = 1.1, and that the bearing pressure 
is equal to 1000 lb. per sq. in. we obtain 
1.1d? & 1000 = 9820 
d= 3 in. 
L = 3.3 = 37; in. 
Assuming the diameter of the pin in the boss to be 
234 in., we find the bending stress 
PL X 32 9820 X 3.313 X 32 
==7950 lb. per sq. in. 





2X 3.1416 d* 2» 3.1416 x 2.758 

That is, if anything, too low. The rubbing speed is 
3.1416 x 3 & 150 

= 118 ft. per min. 





12 
hence pv = 118 1000 = 118,000, which seems permis- 
sible. 


Maximum CO, Obtainable from Fuels 


IN THE answer to the question, ‘‘What is the maxi- 
mum amount of CO, that can be obtained with any 
fuel?’’ in the April 15 issue, it is stated that no higher 
percentage than 20.9 is obtained in actual practice; that 
this is due to the fact that the amount of oxygen in 
the air, by volume, is 20.9 per cent; and that for this 
reason, the scale of CO, meters is graduated up to 21 
per cent only. 

I wish to call attention to the fact that the state- 
ment ‘‘any fuel’’ should be modified since with certain 
gaseous fuels, flue gases are commonly obtained having 
as high as 25 per cent CO,. I too was of the opinion 
that 20.9 per cent was the maximum, until I started 
analyzing the gases from blast furnace gas fired boilers 
found in all steel plants having blast furnaces. I had 
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a portable Orsat that ran up to only 21 per cent in 
graduations, and I had to get a new outfit. 

A blast furnace gas of the following composition, 
and it is not an extreme case, has its combustion caleu- 
lated thus: 


Accompanying 
Portion of Cu. ft.O, N, from air, 
Gas Percentage cu. ft. required cu. ft. 
CO, 15.7 0.157 Sabha sees 
CO 22.8 0.228 0.114 0.431 
CH, 0.0 aout oees Site's 
H, 3.7 0.037 0.019 0.072 
N, 57.8 0.578 
Total 100.0 1.000 0.133 0.503 


For perfect combustion the resulting flue gas will be: 
Products of Combustion, cu. ft. 


co, H,O N, 

0.157 ae aah 
0.228 ay 0.431 

0.019 0.072 

0.578 

Total 0.385 0.019 1.081 


The total volume of gas resulting from the combus- 
tion of one cubic foot of blast furnace gas, measured 
under the same conditions of temperature and pressure 
would be 1.485 cu. ft. But as the water vapor in the 
flue gas condenses out in the analyzer, the actual volume 
of flue gas involved is 1.466 cu. ft. 

Then the final analysis of the flue gas would be: 


Flue Gas Portion of Cu. Ft. Per Cent of Total 
CO, 0.385 26.2 
N, 1.081 73.8 
Total 1.466 100.0 


From this, we see that the analyzer mentioned would 
be inadequate for blast furnace gas. Similarly, in 
using producer gas with high initial content of CO,, a 
high percentage of CO, in the flue gas may result, but 
ordinarily it does not exceed 20 per cent. 

In ordinary power plant work, such gases as these 
are not met with, but in most steel plants, they are 
quite common. 

Pittsburgh, Pa. C. W. STEVENS. 

Epitor’s Nore: Statement in April 15 issue refers 
to all solid or liquid fuels where there is no amount of 
CO, present in the fuel before combustion begins. It 
was stated that the maximum amount of CO, only could 
be 20.9 per cent with an all carbon fuel burned with no 
excess air. 

Even with blast furnace gas, if it were possible to 
have no CO, present in the gas before combustion 
begins, the maximum CO, with no excess ordinarily 
would not be more than 17 to 18 per cent. 


REPLACEMENT gaskets on the cylinder heads of air 
compressors should be made the same thickness as those 
furnished by the manufacturer, in order to insure proper 
clearance between the piston and cylinder head. Any 
good sheet asbestos packing is suitable, but rubber should 
be avoided as it will gradually soften from the effects of 
oil and the heat of compression. 
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Benefits of High Pressures Now Appli- 
cable to Industrial Plants 


Having demonstrated that high-pressure steam tur- 
bines can be designed and operated economically in 
large power plants, engineers are now turning attention 
to their application in industrial plants. Although 
many industries have recognized the need and value 
of high steam pressure, equipment for generating, trans- 
mitting and using steam of over 300 Ib. pressure has 
been commercially available only in recent years. To 
design and construct boilers, piping, fittings and control 
equipment especially for one or even a dozen industrial 
plants would be an expense probably outweighing many 
times the economic advantages accruing from the use 
of the high pressure. 

As a rule, small plants cannot afford to experiment 
with untried equipment, particularly main units of the 
plant, built from specially designed patterns. When, 
however, such equipment has proved successful in plants 
of other industries and can be manufactured in quan- 
tities, the initial cost comes within reach of more plants 
and it is then that its application to the problems at 
hand should be carefully considered. 

High-pressure steam turbines have been quite thor- 
oughly tried out in a number of large power plants of 
the country; manufacturers are now in position to 
furnish these prime movers from standard designs and 
patterns; performance guarantees are being made and 
met with remarkable accuracy. Under such conditions, 
industrial plants should consider carefully the advan- 
tages which high-pressure steam offers in their particu- 
lar cases and those who are contemplating changes in 
their plants will be aided in their study by what Mr. 
Hodgkinson has to say on other pages of this issue. 


Spring Is a Time of Preparation 

For most business firms the fiscal year will soon 
end and it is high time for power engineers to begin 
planning for the coming year. Before the board of 
directors meets to appropriate funds for the various 
departments, the power plant engineer should be alive 
to the needs of his plant and make every effort to have 
his department recognized in the appropriations. 

For most plants, the heating season is almost over, 
or at least reduced to a minimum and now is the time 
to think of next year’s needs. Perhaps last winter’s 
load showed that the stack was inadequate and smoked 
badly or perhaps the baffles allowed short circuiting 
of the gases. Don’t delay action until next fall when 
all the boilers may be needed on short notice but decide 
on the most economical plan at once, present it to the 
‘ proper authority and be prepared to back up your argu- 
ments with satisfactory figures. 

If you present your ideas of improvement now, be- 
fore annual appropriations are made, in most cases you 


will stand a much better chance of getting permanent 
improvements, than if you wait until winter when only 
make-shift repairs can be made. 

In plants having a refrigerating load, the season 
is just beginning. If you are an engineer in charge 
of such a plant and feel that certain equipment is going 
to be needed this summer, now is the time to make 
known your wants. 

That boiler which you operated all winter is by now 
probably full of scale. Provide yourself with a good 
tube cleaner and get ready for the next heating season. 
Look over your steam traps, regrind those leaky valves 
and provide new packing where needed. 

A coat of paint, applied here and there, works won- 
ders in a power plant; and polishing the brass and nick- 
el fittings will make the place more cheerful and in- 
viting. 

Spring is a time of preparation. It’s house-cleaning 
time. All nature puts on a new dress and prepares 
to look her best. Why shouldn’t you do the same for 
your power plant? 


Apprentice Systems and Industry 

Many years ago the artisan looked upon his trade 
with pride and developed an effective apprentice sys- 
tem to insure its continued successful existence. Ap- 
prentices were picked with care and given a thorough, 
practical, all around training so that the young journey- 
man was capable of handling anything that might come 
up. A marine machinist could take an engine casting 
and follow it from the layout floor through to the com- 
pletion of the trial trip. 

As our educational systems spread and living con- 
ditions improved, pride of accomplishment became sec- 
ondary to monetary considerations so the apprentice 
system, unchanged from the days of medieval guilds, 
failed to keep pace with the development and rapidly 
declined in importance. This change was hastened by 
improved machine methods requiring only unskilled 
operators and by wartime production where labor of 
any kind was at a premium. 

Industry is now feeling the sting of the dying mon- 
ster’s tail while leading manufacturers with business- 
like thoroughness are losing no time in giving consider- 
able attention to the development of a modern system. 
Working in conjunction with school authorities, they 
can direct the industrial training and be free from the 
educational administration details. 

Co-operation between manufacturers is necessary so 
that the smaller shops may have the opportunity of 
giving their men a complete training with the proper 
division of work and study to use and mairzitain voca- 
tional schools to best advantage. For the first time, 
the power plant has received industrial consideration 
and is included on many of the programs. 

Such training sources fill a want not met by the high 
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school or college. They will do much toward again 
building up the dignity of labor, increasing the pride of 
accomplishment and, most important, tend to stabilize 
industry. Men will be educated and intelligent but 
not of the type which considers its present occupation 
as a temporary, obnoxious step on the way to the presi- 
dent’s desk. 


Whether It’s Frogs or Power Plante, 
Ask Uncle Sam 


Not long ago the editor of a certain business maga- 
zine had occasion to obtain some information about 
frogs. So he turned to that never-failing source of 
information, the list of Government documents, and he 
found that the Government has issued a pamphlet en- 
titled ‘‘Frogs, Their Natural History and Utilization.’’ 
‘“We knew,’’ he says whimsically, ‘‘that a government 
that could supply us with ‘Adventures in the Life of 
a Fiddler Crab’ or ‘Conditions Governing Existence 
and Growth of Soft Clam’ would not fail us on frogs.’’ 

Such bulletins as this serve to illustrate the tremen- 
dous scope of the work done by various departments 
of the Government, results of which are issued in 
pamphlet form and sold at nominal cost. We wonder 
how many power plant men are using to the fullest 
extent the material available in these bulletins on coal 
and coal burning, in particular, and on all phases of 
power plant work in general. 

Much of the most important work in coal burning 
research has been done by the Bureau of Mines, em- 
ploying men who are national figures in the engineering 
field. Other departments of the Government, such as 
the Navy Department and the Bureau of Standards, 
have also contributed valuable material. To take a 
recent example, some of the most authoritative informa- 
tion available on pulverized coal has been issued by 
Uncle Sam. 

Lists of all this material can be obtained from the 
Superintendent of Public Documents. As a citizen of 
this republic, you are supporting these great organiza- 
tions that are constantly gathering for your use infor- 
mation on every conceivable subject that you can never 
find in any encyclopedia or textbook. A frog, to be 
sure, is either a food luxury or a biological specimen, 
depending on conditions, and you may not want much 
information about him. But coal and the proper utiliza- 
tion of it are foundations of power plant operation. 
Since you are paying Uncle Sam to collect vast quan- 
tities of information about it, why not at least have 
some of that information in your files? You never 
er tell when it will help you burn coal more economi- 
cally. 


The Function of History 


When we studied history in the lower grades at 
school, we could see little more to it than a collection 
of names and dates; we were always extremely puzzled, 
on a balmy spring afternoon when the only thing worth 
while in the whole world was a plunge in the old 
swimmin’ hole, as to why we had to study history in- 
stead. It was not until we were somewhat older that 
we learned that the real value of history is as a guide 
to what we may expect in the future. 

In and of itself, history, whether of individuals, 
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power plants or nations, may be interesting but is of 
no value. It is only when, by a study of history we 
get some idea of where we are headed, that it becomes 
important. And in the power plant, a study of records 
from this viewpoint, with an eye toward foreseeing 
trouble, providing for needed additional capacity and 
preventing repetition of past mistakes, will be of ines- 
timable value to every engineer. There can be no rest- 
ing on the oars in power plant work. What you have 
done and what you are doing now are of passing interest 
unless they help you to get a glimpse of what you will 
be called on to do tomorrow and of how you are going 
to do it. Read your plant history with the eye of a 
prophet. 


Will 1926 Be a Year of Mergers? 


Of late it has been said that 1926 is to be a period 
of industrial mergers or combinations of producing com- 
panies. In a sense this recognition of existing trends 
is accurate and timely. From another standpoint, such 
a statement is entirely inaccurate and about 10 yr. be- 
hind the times. Since 1900, manufacturing concerns 
have been merging and corporations have steadily and 
progressively been forming larger single units. It is 
shown, for instance, by the United States Census 
Bureau, that during the 15 yr. between 1904 and 1919 
manufacturing corporations increased 80 per cent while 
organizations not incorporated increased but 20 per 
cent. In the same period, employe personnel of corpo- 
rations increased 105 per cent while the working per- 
sonnel of non-incorporated establishments decreased 25 
per cent. 

In the year 1919, over 30 per cent of all manufactur- 
ing enterprises in this country were incorporated. This 
plus 30 per cent employed 86 per cent of all wage earn- 
ers engaged in manufacturing and produced 88 per 
cent of the total manufactured output of the country. 
Today the percentage of incorporated firms stands at 41. 
The recent acceleration is due to the fact. that, under 
the spur of excessively keen competition and with the 
heritage of war-stimulated capacities, which are still 
with us, directors of manufacturing companies are seek- 
ing means for reducing operating expenses and overhead 
costs—and are finding it in mergers or co-operative com- 
binations. 

During the 15 years cited, industrial mechanical 
power, per workingman employed, increased from 2.5 
hp. to 3.44 hp. And while that statistical fact would 
probably fail to inspire anyone to pen the Battle Hymn 
of the Republic or lend itself to an enthusiastic college 
yell, yet it remains that because of it, every American 
workingman is 33 per cent better off today than he 
was in 1910 

Properly controlled, large industrial organizations in- 
erease the use of mechanical power. This increased use 
of power cuts production costs, thereby decreasing sell- 
ing prices, at the same time increasing earning power. 
Augmented earning power and decreased costs enlarge 
the margin between income and outgo. This enlarged 
margin creates the desire for fine clothes, fur coats, 
radio, automobiles, phonographs, bath-rooms, electric re- 
frigerators, automatic gas ranges, and baker’s bread. 
Thus are standards of living raised and contributions 
made to happiness and contentment. 
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N. E. L. A. Convention Opens 
With Thousands in Attendance 


S THIS issue goes to press, Young’s million dollar 
pier at Atlantic City, N. J., is a place of great 
activity, for it is the scene of the 49th Annual Con- 
vention of the National Electric Light Association. 
From the preliminary reports on registration it ap- 
pears that the figure of eight thousand, which was the 
predicted attendance of the meeting, was well estimated. 
After a continual downpour of rain the entire pre- 
ceding day, the opening day of the convention was 
gloriously fair, but that is only what one would expect. 
An organization which regulates the electricity supply 
of the nation and whose primary purpose is the gen- 
eration and distribution of bottled sunshine should have 
no difficulty in controlling the activities of the weather 
man during the time of its convention. 

The N. E. L. A. has much to be proud of this year. 
Over a million and a half new customers were added 
during the year and the Association now represents 
over a million customer-owners scattered throughout 
America. It was brought out that, in 1925, as much 
electricity was produced from 0.9 lb. of coal as was 
produced in 1920 from 3 lb. 

At the session of the Hydraulic Power Committee 
it was shown that the 23 new hydro-electric plants 
placed in operation during the year added over two 
billion kilowatt-hours of energy to the 20 billion already 
produced from hydro sources. 

From steam plants a larger volume than ever was 
produced, so that the ratio between hydro and steam 
plants was not disturbed. The total amount of power 
produced by both steam and hydro sources amounted 
to over 65 billion kilowatt-hours. 

In intereonnection, rapid strides have been made 
during the year and, as was pointed out by E. J. Fow- 
ler, only 25 per cent of the electric light and power 
users now obtain current from isolated systems. 

In his opening address, J. E. Davidson, president 
of the N. E. L. A., pointed out that electric motors 
are doing as much work every day as could be accom- 
plished by 170 million men or four times the number 
of people in this country engaged in gainful occupation. 
Every worker, stated Mr. Davidson, has an average of 
over 4 hp. at his command, 75 per cent of the power 
in industry being electrical. 

An important feature of the convention is the ex- 
hibit of electrical equipment on the million dollar pier. 
This is not only the largest ever held but also the most 
comprehensive. In the booths of the 174 firms repre- 
sented is to be found every conceivable kind of elec- 
trical equipment; everything from an electric toaster 





or a washing machine to a machine for making con- 
erete conduit. Not only are those firms making purely 
electrical equipment represented, but also manufactur- 
ers of steam plant apparatus used in the production of 
electricity. 

At the sixth general session, held on May 21, R. F. 
Pack, vice president and general manager since 1916 
of Northern States Power Co., Minneapolis, Minn., was 
elected president of the N. E. L. A. for the ensuing 
year. Mr. Pack was born in 1874 on the Isle of Wight, 
entered the employ of the Toronto Electric Light Co., 
Toronto, Can., in 1891, rising from office boy to general 
manager, and in 1912 became general manager of the 
Minneapolis General Electric Co., now a division of 
Northern States Power Co. 


Dual Thermostat Gives Close 


Temperature Control 


OST HEATING AND VENTILATING plants for 
all classes of buildings, are designed and equipped 
with apparatus to keep all rooms at a predetermined 
temperature, near 70 deg., during the coldest weather, 





DUAL THERMOSTAT FOR KEEPING UNUSED ROOMS AT 
TEMPERATURES BELOW NORMAL 


night and day. For a long time engineers have wished 
that some method could be used to keep at a lower 
temperature, say 40 or 50 deg., those rooms which were 
not in use for certain parts of the day, restoring the 
normal conditions when the rooms were to be used: For 
a given building the saving that would thus be possible 
is self-evident. 
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This desire for variation in temperature control has 
led the Johnson Service Co., Milwaukee, Wisc., to de- 
velop the Dual Thermostat, shown in the illustration. 
The device is equipped with two bi-metal thermostatic 
elements. Change from normal or day to low or night 
temperatures is accomplished by a push button switch. 
This operates to lower momentarily the pressure in the 
air piping to 7 lb., restoring it to 15 lb. soon after. 
This changes the contrel so that the low temperature 
element takes charge. Each thermostat is equipped with 
a concealed key dial for setting the instrument. In 
large buildings the control can be made from a central 
point. No change in the air piping system of the build- 
ing need be made to replace the standard Johnson single 
thermostat and only a slight change in the thermostat 
connection is necessary. 


Flywheel Type of Alternator 


HE IDEAL ELECTRIC & Manufacturing Co. of 

Mansfield, Ohio, which recently brought out a new line 
of motors called the “Flywheel Type,” has now designed 
an engine type alternator on the same principle. This 
type of alternator construction creates a self-contained 
power unit, being an integral part of the engine, occupy- 
ing considerably less space than the conventional design 
since it does away entirely with any generator foundation 
and erecting. 

With the same rotor weight, the flywheel effect of the 
flywheel type alternator is claimed by the manufacturers 
to be nearly twice that of the present day design. If extra 
heavy flywheel effect is desired, the rotor construction has 
a double rim section as shown in Fig. 2. 














% 








FIG. 1. ENGINE TYPE ALTERNATOR ATTACHED TO OIL 
ENGINE 


This type of alternator adapts itself admirably to 
the “overhung” type without auxiliary flywheel and the 
problem of incorporating the necessary flywheel effect in 
the alternator rotor has merely become a question of bear- 
ing limitations. The air gap is always correct and uni- 
form and will stay so during the life of the machine. An 
exciter or any auxiliary machine may conveniently be 
belted to the flywheel rotor, thus saving an auxiliary 
pulley. 
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Simple Device Protects Conduit 
Threads 


VERY ELECTRICAL CONTRACTOR and main- 
tenance engineer has encountered the annoyance of 
chasing choked or damdged threads on conduit and pipe, 
in order to make them fit the unions and fittings with 
which they are to be used. To avoid this, it has hitherto 
been customary for the pipe manufacturer to supply a 
union on each length shipped, but since it is impractical 
to protect both ends in this manner on account of the 
expense, the difficulty is not entirely removed. Moreover, 
if the union is a tight fit it causes delay when removing 
it on the job—and if it is loose it is apt to shake off 
during shipment. 
To solve this problem the Wedge Thread Protector 
Co., of Cleveland, Ohio, has developed the Wedge Thread 
Protector, which consists of a metal cap slightly tapered 
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FIG. 2, DIAGRAM SHOWING DOUBLE RIM SECTION DESIGNED 
TO GIVE GREATER FLYWHEEL EFFECT 


and having a shoulder to protect the first thread and a 
depression running all around the inner end so formed 
that it cannot be shaken loose. A paper cushion, which 
comes separately, is placed over the conduit end, and over 
this the metal cap is driven, either by a blow of the open 
hand or with a mallet. The protector, as described, is 
placed on the ends of the conduit by the manufacturer 
as soon as the threads are cut, thus protecting the threads 
during the subsequent enameling process and during 
shipment. 

Although easily applied, the Protector cannot come 
off during transit but may be removed in a moment when 
desired by giving it a half turn with a Stillson wrench. 
Conduit thus protected can be stacked vertically, thus 
saving stockroom space for manufacturer, jobber and con- 
tractor in turn. The cheapness of these protectors per- 
mits their being thrown away after they have served their 


purpose. 
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Expansion Joint Provided in 
Beco Baffle Wall 


O PROVIDE for flexibility in a plastic refractory 

baffle wall, a continuous strip of corrugated sheet 
metal in each diagonal tube alley to separate the refrac- 
tory material into layers, as shown in the illustration, is 
provided in the Beco baffle wall. This corrugated joint 
is designed to give a perfect sliding fit. The tubes are 
completely mortared into the plastic layers but the de- 
sign is such that they can easily be removed or replaced 


POSITIVE EXPANSION 
JOINT 


THIS SHOWS HOW BAFFLE WALL IS INSTALLED WITH COR- 
RUGATED EXPANSION JOINT 


without injury to tube or wall. The wall is designed to 
be perfectly gas-tight, to prevent short-circuiting of 
gases and loss of draft. Beco baffle walls are designed 
for installation at any desired angle in either horizontal 
or vertical water tube boilers. The method of support- 
ing the baffle wall on the bridge wall is shown in the 
accompanying view. These walls are manufactured 
and installed by Boiler Engineering Co., Newark, N. J. 


Power Specialty Co. Acquires Aero 
Pulverizer Co. 


ANNOUNCEMENT HAS JUST BEEN MADE that Power 
Specialty Co., New York City, has acquired the Aero 
Pulverizer Co., manufacturers of the Aero unit pulver- 
izer, and will contract either for a complete steam gen- 
erating installation or for all the equipment necessary 
with the exception of the boiler, which may be supplied 
independently by the owner. In either case, the com- 
pany will make guarantees of performance and assume 
the entire responsibility for results secured. 

Such installations will consist of a unit comprising 
any boiler that the purchaser may favor, combined with 
a complete water-cooled furnace of Foster design, Aero 
unit coal pulverizers, Foster radiant heat or combina- 
tion type superheaters, Foster economizers of the contra- 
flow type and Foster air heaters. 
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A.S.M.E. Announces Program 


for San Francisco Meeting 


OR THE SPRING MEETING of the American 
Society of Mechanical Engineers, to be held in San 
Francisco from June 28 to July 1, 1926, the following 
program has been announced: 
Monpay, JUNE 28 
Morning—Council Meeting; Conference of Local 
Sections Delegates; Meeting Nominating Committee. 
Afternoon—Excursion to Muir Woods and Alternate 
Excursions; Shopping Trips for Ladies. Evening— 
Reception and Dance. 
TUESDAY, JUNE 29 
Morning—Meeting Nominating Committee; Simul- 
taneous Sessions. Petroleum—Fluid Flow in Pipes of 
Annular Cross-Section, D. H. Atherton; Mechanical 
Engineering in Cracking, Heating and Cooling of Oil, 
B. N. Broido; The Termination of Charcoal Tests, F. 
L. Kallam. Industrial Training and Education—The 
Growth of University Extension Training of the Non- 
College Type for the Industries of the West, John L. 
Kerchen; Education and Training of Apprentices on 
the Pacific Coast, Paul Eliel. 
Afternoon—Steamer Trip on San Francisco Bay; 
Ladies’ Bridge Party. 
WEDNESDAY, JUNE 30 
Morning—Meeting Nominating Committee; Simul- 
taneous Sessions. Fuels and Railroad—Combined Oil- 
and Gas-Burning Furnaces for Power-Plant Use, J. 
Grady Rollow; Fuel Oil for Railways, J. C. Martin, 
Jr.; The Development of the ‘‘Caterpillar’’ Tractor 
and Its Application to Industry, Pliny E. Holt. Hy- 
draulics—Aspects of Steam Power in Relation to a 
Hydro Supply, A. H. Markwart; Water Power and 
Steam Power in California Utilities, H. A. Barre; Speed 
Changes of Hydraulic Turbines for Sudden Changes of 
Load, E. B. Strowger and S. Logan Kerr. Oil and 
Gas Power—Transmission of Power on Oil-Engine Lo- 
comotives, A. I. Lipetz; Oil Engines as a Drive for 
Pipe-Line Pumps, F. Thilenius; Uniform Methods of 
Calculating the Periodic Displacement and Oscillations 
in Synchronous Machines, C. W. Cutler. 
Afternoon—Auto Tour Around San Francisco; Ex- 
cursions; Ladies’ Tea at Fairmount Hotel. 
Evening—Banquet. 
THURSDAY, JULY 1 
Morning—Excursions. 


The Jos. W. Hays Corporation 


Changes Name 

THE Jos. W. Hays CorporaTion, Michigan City, Ind., 
announces a slight change in name to ‘‘The Hays Cor- 
poration.’’ Jos. W. Hays, who founded the business in 
1907, has disposed of his entire holdings in the com- 
pany in order that he may devote all of his time to 
his practice as a consulting engineer. Philip T. Sprague, 
who has been closely associated with this business for a 
number of years as vice president and general manager, 
has been elected president. 

Headquarters of Mr. Hays’ consulting organization 
will be in Tulsa, Okla., where he has been located since 
last June. The headquarters of The Hays Corporation 
will remain in Michigan City. 
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Death of R. Sanford Riley 


Surprise to Many 


OBERT Sanford Riley, Worcester, Mass., presi- 
dent of the Riley Stoker Corp., died at his local 
residence, May 7, aged 51 years. Although Mr. Riley’s 
death came as a shock to his acquaintances he had been 
ill for several months, suffering from anemia and heart 
failure. He was the inventor of the Riley underfeed 
stoker, used in power stations in all parts of the world. 
Mr. Riley was born at Hamilton, Ont., but spent his 
boyhood days in Winnipeg. In 1896 he was graduated 


as mechanical engineer with highest honors from Worces- 
ter Polytechnic Institute. Following, he engaged with 
locomotive and shipbuilding interests and later entered 
the United States Navy, serving as chief engineer of 
naval auxiliary vessels through the Boxer campaign in 
China and was connected with the Atlantic Station from 
1900 to 1903. 

At the age of 29 he became assistant to the chief en- 
gineer of the New York Ship Building Co. at Camden, 
N. J. Three years later he became manager of the 
American Ship Windlass Co. at Providence, R. I., de- 
veloping many designs for marine equipment. It was 
here that Mr. Riley entered the stoker business by taking 
the Taylor stoker, as left by the death of the inventor, 
and developing it into a successful commercial device. 

In 1911 Mr. Riley sold his interests in the American 
Ship Windlass Co. and organized the firm now known 
as the Riley Stoker Corporation, becoming its president. 
In 1917 his firm acquired the Murphy Iron Works and 
in 1922 the Underfeed Stoker Co. of America., both of 
Detroit, Mich. At this time his firm took over the busi- 
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ness of the A. W. Cash Co. of Decatur, Ill., operating 
it as a subsidiary. In 1924 Mr. Riley’s company also 
purchased the United Machine and Mfg. Co. of Canton, 
Ohio, makers of the Harrington stoker. 

During the World War Mr. Riley served as chief of 
the Performance Division of the Emergency Fleet Cor- 
poration. 

He was a member of the American Society of Mechan- 
ical Engineers, and the Society of Naval Architects and 
Marine Engineers. In 1925 he was president of the 
Stoker Mfrs. Assoc. Mr. Riley also belonged to a num- 
ber of civic and social clubs. 

He is survived by his wife and five children. 


Carl Hering Dies Suddenly 

On Monpay, May 10, Cart Herne, consulting engi- 
neer, Philadelphia, died suddenly at the Hahnemann 
Hospital in that city, where he was being treated for 
what was thought to be a slight affection of the heart. 
He was 66 yr. of age. 

Dr. Hering, born in Philadelphia, graduated from 
the University of Pennsylvania in 1880 in mechanical 
engineering. In 1882, while teaching at the university 
he began the study of electrical engineering and in 
1884 studied the subject at Darmstadt, Germany. In 
1886 he began practice in Philadelphia as a consulting 
engineer. 

Dr. Hering’s work in electrochemistry began with 
storage battery research, but his best known discovery 
is that of the ‘‘pinch effect.’’ His work in calculating 
and tabulating conversion factors was of great value 
and he also made original and thorough analyses of 
electromagnetic induction and light phenomena. 

He was one of the founders of the American Electro- 
chemical Society; past president, A. I. E. E. and 
A. E. S., and a member of many other engineering and 
scientific societies. 


News Notes 


From Monpay, JUNE 21, ro Frmay, June 25, next, 
the 29th annual meeting of the American Society for 
Testing Materials will be held at Chalfonte-Haddon 
Hall, Atlantic City, N. J. Various sub-committees will 
report on the research work now being conducted by 
the society and papers by many prominent engineers 
will be delivered. Sessions of the meeting will be de- 
voted to discussion of wrought and cast iron, steel, re- 
fractories, corrosion and fatigue of metals, cement and 
concrete, and other subjects. 


CoMBUSTION ENGINEERING Corp., New York, is in- 
stalling two Combustion steam generators at the plant 
of the National Enameling Co., Granite City, Ill. 


_ Tae American ENGINEERING Co., of Philadelphia, 
Pa., announces the appointment of H. Kempner as sales 
manager of its ‘‘Lo-Hed’’ electric hoist division. Mr. 
Kempner has been in charge of sales promotion work 
for the company for the past three years. 


Erte City Iron Works, Eri, Pa., announces that 
it has just opened an office in Cincinnati, O., in charge 
of Henry C. Hill. For 25 yr. Mr. Hill has been asso- 
ciated with his father, John W. Hill, hydraulic and 
sanitary engineer, in the design and construction of 
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municipal engineering projects and in special investi- 
gations for private corporations. Among the varied 


projects they supervised, the largest was the general 
improvement of the Philadelphia Water Works. 


Henry EacevuHor, Dauuas, TEX., was recently ap- 
pointed exclusive representative for the eastern half of 
Texas by the Uehling Instrument Co., of Paterson, 
N. J. 


DEARBORN CHEMICAL Co. of Chicago announces that 
E. M. Mitchum has been transferred to the south 
Atlantic division, where he will have the management 
of the territory, with headquarters at Atlanta, Ga. 


RitEy Stroker Corp., Worcester, Mass., announces 
that the name of its unit pulverizer, formerly known 
as the Atritor, will henceforth be the Riley Atrita, the 
latter name having been recently copyrighted. 


THE WESTERN Maine Power Co., Limerick, Me., 
operating in York, Oxford and Cumberland Counties, 
has been acquired by the New England Public Service 
Co., Augusta, Me., Walter G. Wyman, president. 


FreD G. RuMBALL, formerly branch manager of the 
Kansas ‘City branch of the Timken Roller Bearing 
Service & Sales Co., has been made sales engineer, auto- 
motive division, of the Timken Roller Bearing Co., with 
headquarters at Cleveland. 


THE Bonney Force & Toot Works, Allentown, Pa., 
has recently enlarged its sales organization by the ad- 
dition of Ronald Wixson, who will cover the southeast 
coast states, and I. K. Fox, who will cover the south- 
western territory. 


J. F. Matone, formerly connected with the Scranton 
Electric Co., Scranton, Pa., has been appointed com- 
mercial manager of the East Liverpool, Ohio, district 
of the Ohio Power Co., succeeding E. L. Happold, trans- 
ferred a few months ago to another district. 


Water P, ScHWABE, president and general man- 
ager of the Northern Connecticut Power Co., Thomp- 
sonville, Conn., has been elected president of the New 
England Division of the National Electric Light As- 
sociation. 

Epwin M. Herr, president of the Westinghouse 
Electric & Mfg. Co., East Pittsburgh, Pa., has been 
nominated for re-election as a member of the Yale Cor- 
poration, Yale University, New Haven, Conn., during 
the commencement exercises in June. He will act for 
a 6-yr. period. Mr. Herr is a graduate of the Sheffield 
Scientific School, class of ’84. 


Frep H. Dantets, general manager of the Riley 
Stoker Corp. of Worcester, Mass., has been elected presi- 
dent to fill the vacancy resulting from the death of 
R. Sanford Riley. Aldus C. Higgins, vice-president, 
has been elected chairman of the board of directors and 
James W. Armour, engineering manager, has been elect- 
ed a member of the board of directors. William Pestell, 
R. T. Riley and S. A. Armstrong continue as vice- 
presidents, David K. Beach as secretary and treasurer 
and George N. Jeppson, Charles L. Allen and Henry 
S. Pickands as directors. 

Since the organization of the corporation in 1911, 
Mr. Daniels has been closely associated with Mr. Riley 
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in the conduct of the company’s affairs, having served 
as secretary, general manager and vice-president. He 
is a graduate of the Sheffield Scientific School of Yale 
University and of the Massachusetts Institute of Tech- 
nology. The same policies will be continued as under 
Mr. Riley’s leadership. 


Davin M. Dion, president of the D. M. Dillon 
Steam Boiler Works, Fitchburg, Mass., and one of the 
founders and directors of several prominent New Eng- 
land industries, died on April 27 in the 84th year of 
his age. 

In 1874 Mr. Dillon designed and constructed the 
first steam boiler of steel, which was exhibited at the 
Mechanics Fair in Boston. Although he was widely 
criticized at the time for substituting steel for iron, he 
was later praised for his foresight and inventive skill. 
Besides his own company, which from small beginnings 
grew to be one of the largest industries of its kind in 
New England, Mr. Dillon organized or was connected 
with many other important companies such as the 
Fitchburg Co-operative Bank, the Grant Yarn Works, 
the Parkhill Mills, Fitchburg Yarn Co., and many 
others. 

CHARLES GEISSLER, a splicer in the employ of the 
United Electric Light & Power Co., New York, has re- 
ceived the Insull medal for the saving of the life of an 
associate workman through the prone pressure method 
of resuscitation. It was presented at a meeting of the 
Metropolitan Section of the National Electric Light 
Association, May 7. 


J. McA. Duncan, district manager at Pittsburgh, 
Pa., for the Westinghouse Electric & Mfg. Co., for the 
past 14 yr., has been promoted to assistant general sales 
manager of the company with headquarters at East 
Pittsburgh. W. R. Marshall, heretofore branch man- 
ager at Buffalo, N. Y., sueceeded Mr. Duncan at Pitts- 
burgh, effective May 1. 


THE Curter ExvectrricaL & Manufacturing Co. of 
Philadelphia has removed its New York office from 1170 
Broadway to 12 East 41st St. The new telephones are 
Murray Hill 8145 and 8146. New York representatives 
are W. C. Jessup, M. B. Cutting and R. C. Heyl. 


Vacancy is to be filled in the position of chief engi- 
neer in the U. S. Veterans’ Hospital, Maywood, III., 
No. 76, at $3000 a year, and a list prepared for filling 
future vacancies requiring similar qualifications at the 
same or higher or lower salaries. Duties are the opera- 
tion, maintenance and repair of a large heating, light- 
ing and power plant with auxiliary machinery and 
equipment. 

Any citizen of the United States may enter the 
examination which will be weighted as 50 per cent on 
practical engineering questions and 50 per cent on train- 
ing and experience. Six years’ experience in such work 
as described must be shown, 2 yr. in responsible charge. 
Each completed year of a high school course will be 
accepted as not more than 6 mos. experience. Appli- 
eants must be between 20 and 50 yr. of age but age 
limit, up to retirement age, is waived for applicants 
entitled to preference because of military or naval serv- 
ice. 

Applications for the examination, which should be 
in June 14, should be made on forms 2374 and 2351 
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to be obtained from the secretary, Seventh Civil Service 
Dist., Chicago, Ill. Medical certificate and photograph 
taken within 2 yr. and signed by the applicant must 
be sent with the application. 

Classified employes who have served 15 yr. and 
reached the retirement age of 65 are entitled to retire- 
ment with an annuity. To provide for this, a deduc- 
tion is made of 21% per cent of fhe monthly salary. but 
this will be returned with 4 per cent interest in case 
of leaving the service before retirement, 


J. J. P. MacKenziz, formerly with the investiga- 
tion Bureau of the Mechanical Engineers Department 
of Brooklyn Edison Co., has joined the Engineering 
Products Division of Walworth Co., as assistant engi- 
neer. 


Wiiuiam W. Bopine has been elected general man- 
ager of the United Gas Improvement Co., Philadelphia, 
Pa., in addition to his occupancy of office of vice-presi- 
dent. He has heretofore acted as assistant general man- 
ager. He is the son of Samuel T. Bodine, president. 


Cou. CLAUDE SwEEzy, Elkton, Md., has been appoint- 
ed director of public safety at the Conowingo, Md., 
hydroelectric power development of the Philadelphia 
Electric Co., Philadelphia, Pa., and affiliated organiza- 
tions. He will act in such capacity over about 3500 
workmen who will be employed on the project for the 
next 3 yr. 

TIMKEN ROLLER BearRine Servic—E & Saues Co. an- 
nounces that T. F. Rose, formerly of the Chicago 
branch, has been appointed manager of the Cincinnati 
branch, and H. C. Sauer, formerly at Cleveland, has 
been made branch manager at Detroit. The branch 
office at Baltimore was closed on May 1. Service re- 
quirements in this territory will be supplied through 
the Richmond, Pittsburgh and Philadelphia branches. 


Books and Catalogs 


How To Buy anp Use Fuet Ort. By Stephen 0. 
Andros, Chicago, Ill.; 127 pages 5 by 7% in. Boards; 
price $2.00. ' 

This book has been written to give the man who uses 
fuel oil an insight into what he should buy and how he 
should use it. But it is a distinctive treatment as it is 
free from technicalities and is breezy and entertaining 
reading. Nevertheless, the information is there and the 
engineer, plant owner or purchasing agent who reads it 
carefully will get a good idea of the how and why of 
buying fuel oil on a reasonable basis and using it efficiently. 
We commend the book to readers and the method of 
presentation to technical men who write for the non- 
technical public. 


Drart AND Capacity oF Cuimneys. By J. S. Mingle. 
Size, 5% by 8 in.; cloth; 329 pages with 9 pages of index; 
“ tables and 18 charts. Published, New York; price, 

3.50. 

The author has combined the information on chim- 
ney design and operation in such a way that the book 
may well serve as a text for apse students and 
designers. 

The following statement by the seattle in his preface 
is of interest: 
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“In developing the theory of draft and capacity the 
two have been disassociated entirely, that is, it has been 
assumed that the height of the chimney is dependent only 
on the draft requirements and the diameter only on the 
capacity requirements, although each has a secondary in- 
fluence on the other.” In keeping with this, he has de- 
veloped equations which consider all of these factors. 

In all cases, practical problems are presented for con- 
sideration and their solution offered in suitable steps both 
by formulas and charts. 


Heat TREATMENT AND APPLICATIONS of Nickel and 
Nickel-Chromium Steels is treated in bulletin No. 3 on 
Nickel Steel applications, issued by the International 
Nickel Co., 67 Wall St., New York. It treats of the 
physical properties of nickel, the effects of nickel when 
added to steel as an alloy, various heat treatments and 
their purpose, and for what uses various nickel-steel 
alloys are suited. Like data are given for chromium 
and for nickel-chromium-steel alloys. The bulletin is 
substantially a reprint of an article written. ‘for’ ‘the 
handbook of the American Society for Steel Treating 
by Thomas H. Wickenden. Other bulletins are No. 1, 
the Society of Automatic Engineers Standard Specifica- 
tions for Steels; and No. 2 on Physical and Mechanical 
Properties of Nickel Steels. Any of these bulletins as 
well as a binder for holding them can be obtained by 
any one interested by addressing the International 
Nickel Co., 67 Wall St., New York, and giving the 
writer’s title and the name of the company with which 
he is employed. 


THe “MrcHANIcAL WorLD” ELEOTRICAL POOKET 
Book, 1926; 400 pages, 4 by 6 in., cloth; Manchester, 
England ; price, 1/6 net. 

Like its predecessors, this is a valuable little book, full 
of information on all phases of electrical engineering and 
sufficiently up-to-date to be useful in many ways to the 
electrical man. Many new features are included, among 
which may be mentioned the section of joining conductors. 
In this section a variety of methods is described for 
making joints in electrical conductors. Another section 
gives particulars of magnetic chucks and magnetic 
clutches. A lengthy section on industrial application of 
electro-chemistry furnishes information on the latest 
advances in electro-deposition of metals and of various 
electrolytic and analogous processes. At the end of the 
volume a number of tables giving mathematical relations 
are included. 


Facts AND PRINCIPLES OF STOKER AND POWDERED 
Coau Firine, by Joseph G. Worker, is the title of an 
interesting booklet issued by American Engineering Co., 
Philadelphia, Pa. Mr. Worker’s article was first pre- 
sented before the Canadian Pulp & Paper Assn., Mon- 
treal, Quebec, on January 27, 1926. It contains many 
data on the burning of coal in both industrial and publie 
utility power plants, together with operating costs and 
many charts and diagrams of performance. 


RULES FOR THE INSTALLATION AND MAINTENANCE of 
electrical equipment in generating stations and sub- 
stations are given in a new publication of the Bureau of 
Standards of the Commerce Department. These rules 
cover the general protective features of the station, as 
well as specific sections dealing with grounding, rotating 
equipment, storage batteries, transformers, conductors, 
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fuses, switches, switchboards, and lightning arresters. 
The new publication, known as Handbook 6, forms a part 
of the fourth or 1925 edition of the National Electric 
Safety Code. Other parts of the revised code will be is- 
sued as separate handbooks as soon as they can be pre- 
pared. Copies may be obtained from the Superintendent 
of Documents, Government Printing Office, Washington, 
D. C., at 10 cents each. 

Gorton & LipgEerwoop Co., New York City, has just 
issued Catalog No. 92, describing Gorton heating equip- 
ment. 

SMALL TURBO-GENERATOR SETS in sizes from 14 kw. to 
10 kw. are described in bulletin No. 5 recently issued 
by Standard Turbine Corp., Scio, N. Y. 

REFRACTORY CEMENTS as manufactured by the Nor- 
ton Co., Worcester, Mass., are described in a booklet 
which has recently been published. 

QuietEy Furnace Sprciauties Co., Inc., in a 12- 
page booklet describes the Quigley Refractory Gun, to- 
gether with some of the uses to which it may be put 
in applying refractory material to furnace walls. 


Bunpy Stream Trap Co. has just issued its 1926 cata- 
log illustrating and describing the various traps manu- 
factured by this company and calling attention to the 
specific advantages of these devices. 


Warts Recuuiator Co., Lawrence, Mass., is distribut- 
ing some useful engineering data in chart form covering 
the flow of steam through pipes and showing the capaci- 
ties of reducing valves. 

A Reavy REFERENCE TaBLE OF RamTiTE REQUIRE- 
MENTS has just been issued by The S. Obermayer Co., 
Chicago. A sliding scale, when set opposite the dimen- 
sions of a given wall, by means of a key number, gives 
the number of pounds of Ramtite required to build the 
wall to those dimensions. 


De Lavat Steam TurBINE Co., Trenton, N. J., has 
recently issued a 20-page leaflet dealing with the selec- 
tion and application of centrifugal pumps to mining. 
The leaflet also contains instructions for the design of 
piping and the calculation of friction head power re- 
quired. 

Spray Coouine, issued by Yarnall-Waring Co., Phila- 
delphia, Pa., is the title of an attractive booklet on spray 
cooling methods. The Yarway Type B involute spray 
nozzle with conical orifices and special fittings for spray 
cooling pond installations is described, and photographs 
are shown of many installations using this equipment. 


GovLDs PUMPS as applied to a wide variety of pump- 
ing services are illustrated and described in a recent 
bulletin issued by Goulds Pumps, Inc., Seneca Falls, 
N. Y. In addition to the common use of these pumps 
for boiler feed, general water supply, and so on, they 
have found applications in handling many types of 
liquids such as fuel oil, and lubricating oil; for handling 
drainage; for use in dairies and in many other interest- 
ing ways. 

A 24-paceE illustrated publication, known as circular 
1670-A, has just been issued by the Westinghouse Elec- 
tric and Manufacturing Co., describing static condensers 
for power factor correction. One part is devoted to a 
discussion of power factor, its correction and the selec- 
tive equipment; another part describes LD static con- 
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densers; the third part is devoted to low-voltage static 
condensers, describing the construction assembly and 
application. 

Brown RESISTANCE THERMOMETERS are described in 
Catalog 92 issued by The Brown Instrument Co., Phila- 
delphia, Pa. These thermometers are designed for tem- 
perature measurements as high as 1000 deg. F. Details 
of the instrument are shown, both in the indicating and 
recording types, together with photographs of installa- 
tions. | 

PENNSYLVANIA Pump & Compressor Co. has just 
issued bulletin No. 127, describing direct connected syn- 
chronous motor-driven air compressors and bulletin No. 
207, describing Class Oms Multi-Stage Centrifugal 
Pumps. The latter are of the single suction opposed 
impeller type and several detail drawings and plioto- 
graphs of their construction are shown in the catalog. 


AMERICAN ENGINEERING STANDARDS COMMITTEE Ten- 
tative American Standards for Steel Pipe Flanges and 
Flange Fittings are discussed in detail in bulletin No. 
6A, issued by Walworth Co., of Boston, Mass. Diagrams 
of fittings and tables of dimensions for pressures of 250, 
400, 600 and 900 lb. at 750 deg. F. are given in tentative 
form, and it is stated that the development of flanges 
and flange fittings for 1350 lb. is under way. 


THE Laspor Saver for March, 1926, published by 
Stephens-Adamson Mfg. Co. of Aurora, IIl., contains 
an interesting article on the S-A Live Roil Grizzly, de- 
signed to be non-clogging. This is followed by an article 
on Mechanical Painting, describing and illustrating the 
painting of metal parts on a continuous quantity basis. 
The issue also contains an article on the S-A Traveling 
Seale Car. 

TRUCKS For Pusiic Uriitiss is the title of an inter- 
esting and well-illustrated 70-page catalog, recently 
issued by Graham Brothers of Detroit. Beginning with 
an article by Floyd W. Parsons on the Motor Truck in 
the Utility Field, the catalog goes on to describe the 
various types of trucks and their uses by the public 
utility and concludes with descriptions and photographs 
of various details of construction. 

Foster WATER Backs are described in detail in bul- 
letin 261 recently issued by Power Specialty Co., New 
York. These water backs consist of water tubes form- 
ing a water-cooled furnace wall and supporting cast- 
iron blocks shrunk on the tubes to form a smooth fur- 
nace wall and conduct the furnace heat to the water in 
the tubes. Details and applications of these water backs 
are shown in the bulletin. 

“Some DEVELOPMENTS IN THE ELECTRICAL INDUSTRY 
Durine 1925,” by John Liston, has been issued as a 62- 
page publication (GEA 385) by the General Electric Co., 
Schenectady, N. Y. The review covers each phase of elec- 
trical application and its outstanding developments during 
the past year. It is divided into numerous sections, con- 
tains 103 illustrations and an index. 

‘Steam Economy’? is the title of an attractive cata- 
log just issued by the Republic Flow Meters Co. of Chi- 
eago, Ill. This publication, designated at catalog S-33, 
describes and illustrates in a very interesting manner 
the various flow meters, pyrometers, draft instruments, 
CO, recorders and coal meters which are manufactured 
by this company. 
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